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THE MOST HOSPITABLE TREE 

By ALEXANDER F. SKUTCH 


While yet an undergraduate in college, 

I was familiar with that remarkable work 
DolwniscJie Millkeilungen am den Tropen. 
In the nine slender volumes of this beauti¬ 
fully illustrated series of monographs, edited 
and in part written by the famous plant 
geographer A. F. W. Hchimper, and pub¬ 
lished during the years 1888 to 1901, l be¬ 
came acquainted with some of the most fas¬ 
cinating phenomena of tropical botany: the 
adaptations of epiphytic plants, the strange 
modes of secondary thickening in the stems 
of woody vines, the complex relationships be¬ 
tween ants and the plants that provide 
shelter for them, the fungus gardens of tin* 
leaf-cutting ants. Perhaps no other single 
work so strongly influenced my determina¬ 
tion to devote some years to the firsthand 
study of tropical. Nature—years that have 
stretched on and on to nearly two decades. 

To the young student of Nature in the first 
exhilaration of his' studies, no Sir John 
JVFandeville or Marco Polo had filled his 
pages with more wonder-stories than were 
to be found in these records of sober scien¬ 
tific investigation, And perhaps the most 
marvelous of all the volumes, both in the 
patent drama of the situation described and 
in the agelong series of delicate adjustments 
find readjustments between organisms im¬ 
plied in the relationship, was the monograph 
by Schimper himself, on the Oeeropia tree 
and its garrison of ants. Widely traveled, 
enthusiastic, keen-sighted, endowed in no 
small degree with the capacity for “the scien¬ 
tific use of the imagination,” the author 
pointed out the features that made the tree 
a most favorable abode for the ants, provid¬ 
ing them not only with commodious lodgings 
but also with a special and delicate food. Tn 


return for food and housing, the hordes of 
little biting ants defended the tree against 
its enemies. Much, in brief, was Schimper\s 
lliesis, which, during many years’ residence 
and travel in widely separated portions of 
the range of the Cecropia tree, I have had 
constantly in the back of my mind, so that 
observations, made deliberately or by chance, 
were classified according to whether they 
confirmed or refuted it. Will this story, 
which stirred the imagination of the young 
student, stand the test of a far longer 
familiarity with the Oeeropia tree than its 
u \[thor himself e w joved? 

When at length I reached the Tropics, I 
was not long in recognizing the tree whose 
remarkable history I knew so well. Indeed, 
the genus Oeeropia , of the mulberry family, 
contains the most distinctive trees of the 
New World Tropics. It comprises thirty to 
forty species, distributed not only over the 
entire length and breadth of the intertropical 
areas of the American continents but in the 
Antilles and other outlying islands as well. 
Were a wizard to drop a naturalist at ran¬ 
dom, blindfolded, somewhere within the vast 
sweep of the earth’s central zone, no other 
single group of trees would so help him 
decide, by their presence or absence, whether 
he had been set down in the Western or the 
Eastern Hemisphere. For over its vast 
range, there is hardly a district with heavy 
or moderate rainfall where it is not abundant. 
It is absent only from desert and semidesert 
areas and from high mountains subject to 
nocturnal frosts. Yet in the equatorial 
Andes it grows abundantly up to an eleva¬ 
tion of at least 8,500 feet, and in Central 
America to no less than 6,000 feet. Most- 
common in the clearings and light second- 
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growth woodland, where frequently it is the 
dominant tree, it is by no means absent from 
primeval forest, often springing up in the 
little, light-flooded clear spaces left by the 
fall of a forest giant. Almost everywhere 
it is recognized and named by the country 
people. Throughout Central America it is 
called guarumo; in the montafia of Peru, 
setico; in the British West Indies, trumpet 
tree. 

Not only wide range and abundance but 
also the ease with which the veriest novice in 
the forest can recognize them entitle the 
Cecropias to be considered the most charac¬ 
teristic trees of tropical America. In tropi¬ 
cal forests, the leaf shape of scores and hun¬ 
dreds of kinds of trees is monotonous in the 
extreme—very different from the attractive 
variety of outline of the foliage of the oaks, 
maples, beeches, and chestnuts of a northern 
forest. Flowers are usually high out of 
reach, often inconspicuous, and to be had 
only at certain seasons and by the most adept 
climber; color and texture of bark sometimes 
lead the practiced ^ye to a correct identifi¬ 
cation, but they are not always' to be relied 
upon. Familiarity with the trees of the 
tropical forest is to be gained only by long 
and arduous collecting, patient research, and 
^nueh taxonomic skill. There are probably 


not ten men alive who could correctly name 
at sight half the species of trees in an acre 
of well-developed virgin forest anywhere in 
the tropical lowlands of the American conti¬ 
nents. How refreshing, then, to find a tree 
so distinct from all its neighbors, in foliage, 
bark, form, and half a dozen other well- 
marked characters that there is scarcely any 
possibility of confusion ! Any intelligent lad 
from some far northern land, sent with only 
a written description to a tropical forest, and 
told to bring back a specimen of a Cecropia 
tree, should be able to pick it out, unaided 
and at first sight. I know no other tree of 
the tropical American forests for which I 
would hazard the same statement. 

The Cecropias are small, medium-sized, or 
rarely (for the Tropics) tall trees, never at¬ 
taining the height of the giants of the forest, 
nor ever remotely approaching them in the 
girth of their slender, graceful trunks. The 
bark is smooth, light gray, whitish, or green¬ 
ish in color and prominently ringed, at inter¬ 
vals of a few inches, with narrow ridges— 
scars left by the fallen bud-sheaths. This 
smooth, light-colored, strongly ringed trunk 
alone serves to distinguish the Oecropia from 
nearly all its neighbors. At its very ba.se, 
where it nears the ground, the trunk becomes 
slenderer instead of thicker; and the defi¬ 
ciency in girth and strength, is counterbal¬ 
anced by the presence of numerous prop 
roots, sometimes springing from the bole as 
high as 4 or 5 feel; above the earth and de¬ 
scending obliquely until they enter the soil 
and ramify through it. Prop roots are not 
peculiar to the Cecropia—many other di¬ 
cotyledonous trees, many palms, the pa/nda- 
nus, and even the maize plant have them— 
yet they will distinguish it from the. vast 
majority of the trees among which it grows. 
The boughs of the Cecropia are coarse, stiff, 
and few in number, the lowest branches 
usually springing from the bole well above 
the ground. The branches are distributed 
in loose clusters, or false whorls, three to six 
together, with long stretches of branchless 
trunk between successive clusters. Like the 
trunk, the obliquely ascending boughs di¬ 
minish little in thickness from base to top, 
and they bear few branehlets of the second 
order. 

If the leaves were small, such a branch 
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system would produce a stiff and awkward 
tree; but on a well-developed Oeeropia all 
suggestion of stiffness is prevented by the 
generous breadth and grace of carriage of 
the foliage. The ample leaves, sometimes a 
yard in diameter, are held in a more or less 
horizontal position at the end of yard-long, 
rounded stalks. They are peltate, roundish 
in outline, divided by deep and narrow in¬ 
dentations into long radiating lobes, and in 
some species silvery on the lower side, pre¬ 
senting a pleasing and characteristic aspect 
when tossed up by the wind. Rarely, as in 
(U'cropia aral/iacfoHa of the eastern foothills 
of the. Andes, the lobing has been developed 
to the point where the leaves are divided into 
distinct, stalked leaflets, all radiating from 
the end of the long common stalk,'like those 
of the horse-chestnut tree. 

The flowers, minute and individually in¬ 
conspicuous, seem unworthy of a tree with 


EG IMAGE OF THE CECROPIA 

such pronounced and individual characters. 
Yet in their arrangement they too are suffi¬ 
ciently distinctive. They are closely crowded 
in fingerlike aments, or catkins, in some spe¬ 
cies short and stubby, in others long and slen¬ 
der, sometimes twisted. These fingers are 
borne, in clusters of four or more, at the end 
of a common stalk, which may be short and 
stiff or long and pendulous. Male and fe¬ 
male catkins are produced on separate trees, 
the former whitish and soon falling, the lat¬ 
ter green and persistent, scarcely altering in 
appearance as their myriad florets swell into 
tiny one-seeded fruits. Each cluster of 
aments develops within a close-fitting sheath, 
which is white within and often has an at¬ 
tractive shade of pink or red on the exterior 
surface. This sheath splits along one side 
and drops when the flowers are ready to 
shed, or to receive, their pollen. It is the 
most colorful part of the tree. 
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A few words about the ecology of the 
Ceeropia will help us to understand some of 
its peculiarities of form, especially its system 
of branching. It is a tree pre-eminently 
adapted for the colonization of denuded 
lands, whether these be a new clearing in 
the forest, an abandoned patch of cultiva¬ 
tion, a flood plain along the shifting course 
of a great river, or the long, narrow band of 
raw earth streaked upon the mountain side 
by a landslide. On such areas tropical 
vegetation wears its most lush, most riotous 
and undisciplined aspect. The competition 
among the colonizers is exceedingly keen; 
the slow-growing seedling, although of the 
noblest lineage of the forest, has slight 
chance of success; victory—immediate vic¬ 
tory, at least—favors the plant that can keep 
its “head and shoulders” above its rivals 
and so enjoy full exposure to the strength¬ 
giving sunlight. A wide-spreading, many- 
branched plant is likely to be smothered 
over and crushed down by a tangled mat 
of vines and creepers. The successful tree 
must not only grow rapidly in height, but it 
also must be sparing in the matter of 
breadth, hugging itself together lest it waste 
much-needed energy in horizontal expansion 
and give the eager, grasping vines a hold 
on itself. Such a tree is the Ceeropia. Seem¬ 
ingly intent only upon outreaching its com¬ 
petitors, in crowded tangles it may attain 
a height of 20 or 30 feet, or even more, before 
it ventures to extend a single branch. Its 
ample leaves, each of which seems capable of 
the photosynthetic work of a whole spray of 
the smaller leaves of a northern plant, fall 
when their activity is taken over by younger 
leaves above them, thereby giving the creep¬ 
ers no permanent grasp upon the tree. So 
great is the heliotropism, or sunward im¬ 
pulse, of the vigorous young Ceeropia that 
its slender stem is commonly dilated upward 
and, like scarcely any other tree, is thickest 
at the top, in the succulent green portion just 
below the apex. The inverted taper of the 
trunk is corrected in later life, when the tree 
has won the victory and spread its branches 
proudly above the rival vegetation, in part 
by secondary thickening, in part by the de¬ 
velopment of the stout prop roots at the base. 

Such, then, are the appearance and mode 
of growth of the most highly individualistic 


tree of the American Tropics. We have 
already discovered, in its very lineaments 
and most obvious outward vestiture, enough 
idiosyncrasies for any one tree. Yet we have 
scarcely begun to explore its peculiarities. 
Shake the brandies of a Ceeropia, and a host 
of small, brown or blackish ants comes 
swarming out through narrow, symmetri¬ 
cally placed orifices. They run hastily over 
bark and leaves and on to any object touch¬ 
ing them, each biting with all its small might 
if it meets the body of an animal. Cut 
through the young stem or a branch with a 
single sharp blow of the machete, and the 1 
severed end reveals a central hollow, left by 
the almost complete breakdown of the pith, 
wider than in any other young woody stem 
I know. Or stand quietly watching a stem 
of one of the ant-inhabited species. A keen 
eye will soon notice that each of the long, 
hollow leaf stalks is swollen at the base, 
where it touches the stem, on the lower side, 
into an angular, kneelike protrusion, which 
is covered with brown hairs. After years 
devoted to the collection of tropical plants, 
handling thousands of species, l can recall 
no other tree with just such a leaf base. It 
would be remarkable enough without the 
little white bodies, each about the size and 
shape of a small ant’s pupa, that stud it 
over, like little white-headed pins stuck up 
to the head in a brown velvet pincushion. 
Watching patiently, one may be fortunate 
enough to see an ant crawl over the cushion, 
touching with its antennae one after another 
of the little white beads, until it finds one 
that is ripe, plucks it off, and carries it into 
the hollow center of the branch through one 
of the small apertures. These, constituting 
the special food of the ants, are the protein 
bodies, often called Mullerian corpuscles in 
honor of their discoverer. 

In harboring a colony of ants within its 
living tissues, the Ceeropia is not unique in 
the vegetable kingdom. It belongs in a 
motley group known as the mynnecophilous, 
or ant-loving, plants. Like so many other 
natural phenomena, the Ceeropia can be 
most intelligently understood if we consider 
it in relation to the class of objects of which 
it forms a part. 

The myrmecophilous plants have only a 
single feature in common; the habitual oc~ 
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currence of colonies of ants in Iiollow living 
organs, which, in many instances, appear to 
have been specially developed for the accom¬ 
modation of the insects. All or nearly all 
these plants are of tropical distribution. As 
a rule a particular species of ant is found in 
each true myrmecophilous plant—and some¬ 
times the ant is restricted to this peculiar 
habitat—suggesting that the myrmecophil¬ 
ous habit was developed in relation to this 
particular kind of guest and that the plant 
has not merely chanced to produce a hollow 
organ open to tenancy by the first small 
insect that happens by. The myrmecophil¬ 
ous plants are scattered sparingly through a 
considerable number of unrelated families— 
Eubiaceae, Piperaceae, Moraceae, Boragi- 
naceae, Polygonaeeae, Melastomaeeae, Ver- 
benaceae, Mimosaceae, etc.—indicating that 
they are not genetically related, but that the 
habit has developed independently in many 
distinct lines. The nature of the organs in 
which the insects are accommodated is as 
diverse as the families in which the myrme¬ 
cophilous plants are classified. Perhaps the 
most common situation of the ant colony is 
in a stem left hollow by the breakdown of 
the central pith. Such ant-filled stems are 
found, in addition to the Cecropia, in the 
beautiful polo mnto (Triplaris) and in cer¬ 
tain arborescent species of Viper. In Gordia 
alliodora the insects find shelter in gall-like 
hollow nodes, situated at the point where 
several branches depart together from the 
end of a thicker twig. In certain tropical 
m el as tomes ( Tococa ) they dwell in paired 
hollow lobes at the base of the leaf blade, 
each with a narrow orifice on the lower side 
of the leaf. In some Central American spe¬ 
cies of Piper they establish themselves in the 
long, narrow hollow formed by stipules that 
have coalesced with the petiole, thence mak¬ 
ing their way into the stem and eating out 
the central pith. In the bull-horn acacias 
the ant colonies are established in the great, 
paired, hornlike hollow thorns, from which 
the curious little trees take their name. The 
hollows of the paired thorns intercommuni¬ 
cate at their base; and one thorn in each 
pair is provided by the ants with a small 
round aperture for going in and out. Per¬ 
haps the strangest of all the myrmecophilous 
plants are two epiphytic genera of the mad- 



APEX OF A CECBOP1A SHOOT 

CUSHIONS AT PETIOLE BASES SHOWING PROTEIN COR¬ 
PUSCLES; left, GROOVE AND PIT WHERE AETEtJA 
ANTS GNAW; top, STIPULAR SHEATH FALLING AWAY. 

der family, Hydnophylum and M/ynnecodia « 
natives of the Indo-Malaysian area, whose 
curiously swollen stems are penetrated by 
a labyrinth of winding galleries in which the 
ants dwell. In eastern Costa Rica I found a 
species of polypody fern, not yet identified, 
whose slender stems, creeping over the mossy 
branches of trees, bear numerous brown gall¬ 
like bodies, about an inch in diameter, each 
with a doorway leading into a central hollow 
infested by tiny, stinging ants. 

As a rule the host plant makes no special 
provision for the board of its lodgers. But 
in some instances the ants attend aphids that 
suck the juices of the plant, which thus indi¬ 
rectly provides for the support of its guests. 
Perhaps the most hospitable of all these myr- 
mecophytes are our Cecropia and the bull¬ 
horn acacias, which provide a special food 
for their guests in the form of small, white 
protein corpuscles. In the Cecropia these 
tiny, many-rcelled corpuscles are, as we have 
seen, liberally produced, in successive crops, 
on the cushionlike base of each leaf stalk. 
In the acacia a single elongate, white fpod 
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particle terminates each of the myriad little 
leaflets of the twice-compound leaf, and 
once it has been plucked away by the ants 
that dwell in the hollow thorns at the base 
of the leaf it is not replaced. The food- 
bodies of the acacia are sometimes called 
Beltian corpuscles, in honor of Thomas Belt, 
who first made them known to naturalists, 
just as Fritz Muller first described those of 
the Cecropia. 

Of the ants regularly associated with these 
myrmecophilous plants, some are fierce and 
aggressive,* but many are among the small¬ 
est, weakest, most defenseless and sluggish 
of their kind. They rarely if ever devour 
the foliage of their host plant or make in¬ 
discriminate attacks upon its living tissues. 
Some botanists believe that these ants benefit 
the plants in which they find shelter, by 
driving away foliage-eating insects, browsing 
mammals, and other enemies of vegetation. 
If this view be correct, the association be¬ 
tween ant and plant is one of mutual benefit; 
the plant provides a lodging and sometimes 
also food for the ant, which in turn protects 
its host from attack. How true this is in the 
case of the Cecropia we shall now examine. 

Of all ant-plants, except possibly the epi¬ 
phytic myrmecophilous members of the tnad- 
der family, which I have never seen in their 
native haunts in the Oriental Tropics, the 
Cecropia appears to be the most highly spe¬ 
cialized. In other words, it seems to have 
made a greater effort to attract its ant guests 
than any other of the ant-loving plants. 
Three unique features make it especially 
favorable as an abode of ants: 

1. A remarkably wide central hollow in 
the stem. Hollow stems are commoner in 
herbaceous than in woody plants; but except 
the bamboos no other plant I know possesses, 
in undecayed young shoots, a central cavity 
so wide as this. Vigorous shoots often have 
a cavity fully two inches in diameter—sur¬ 
rounded by walls only about one-sixteenth of 
an inch thick—and this is to be found only 
a few inches below the growing tip of the 
shoot. With age the tissues immediately sur¬ 
rounding the cavity become hard and resis¬ 
tant. When old fallen trunks decay away, 
this is the last part of them to disappear. 
The hollow internodes, with their enclosing 
walls and transverse partitions, remain lying 


on the ground like a chain of whitish, elon¬ 
gated, cylindrical boxes, or like the bleaching 
vertebrae of some huge rib less serpent. 

2. The presence, in the wall surrounding 
the hollow that occupies each internode, of 
a pit, where the ants find it particularly easy 
to open a doorway. At the upper end of each 
of the short internodes, directly above the 
point of insertion of the leaf next below, is 
the sma 11, sornewhat eloiigate depression. 
The tissues separating the bottom of this pit 
from the central hollow are even thinner 
than the wall elsewhere; and they are com¬ 
posed of soft, thin-walled cells, vascular 
bundles being absent here. The ants find it 
easy to gnaw through the bottom of these 
pits,* and in a tree inhabited by a flourishing 
colony, each one becomes the site of a door¬ 
way through which the insects pass in and 
out. Schimper laid special stress upon these 
pits, pointing out that they were present in 
the species of Cecropia habitually infested 
by ants but absent from those that had not 
developed the myrmecophilous habit. Sim¬ 
ilar pits are said to occur in the walls of 
hollow-stemmed plants of other genera nof 
inhabited by ants, but they are certainly 
very rare. I have never seen any plant other 
than Cecropia with such. pits. 

3. The protein grains at the bases of the. 
leaf stalks. Although such corpuscles, which 
arc of the nature of glands, occur on other 
plants, some not ant-plants, they are very 
rare. The only other plants upon which l 
have seen similar protein corpuscles are the 
bull-horn acacias, with their hollow thorns 
inhabited by fiercely stinging ants. In the 
Old World Tropics they are said to be found 
on Pterospermum jwanicum, where they are 
produced in tiny pitchers at the bases of the 
leaves; and on the long shoots of climbing 
species of Onetum , which apparently do not 
attract ants. 

Here, associated in the same tree, are three 
features—exceptionally wide central hollow, 
pits, and protein bodies—that although not 
unknown in plants not myrmecophilous are 
so rare that one might botanize through the 
Tropics for months or even years without 
finding—apart from Cecropia—any one of 
them singly. What, then, are the chances 
for a random association of the three in the 
same species? About as good, I should say, 
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as finding, while wandering through an. un¬ 
inhabited wilderness, an inn whose loosely 
dosed door opened at a tap, and led to a table 
excellently spread, and a bed prepared for 
the weary traveler. It is easier to believe 
that the (Jecropia has developed these three 
rare features not by "chance—in the sense 
that they are unrelated—but rather through 
natural selection, because they are useful in 
making it an attractive home for the ants 
that protect it from its enemies. Such was 
Schimper’s view. Let us see now how effec¬ 
tive in guarding the tree the ants really are. 

We may as well begin by considering the 
effectiveness of these Azteea ants in guarding 
their home tree against those creatures most 
destructive to vegetation—with shame I write 
it—man himself. As one of the abundant 
plants in the tall second-growth thickets, 
which in the Tropics are cut and burned to 
make fields for maize, rice, and other crops, 
the (Jecropia is especially subject to attack by 
the long machete of the agricultural laborer. 
The garrison of ants serves not at all to pro¬ 
tect the tree—and themselves—from destruc¬ 
tion by his swinging blade; (Jecropia trees are 
leveled indiscriminately with all the lush 
growth of giant herbs, bushes, vines, and 
other trees among which they form so con¬ 
spicuous an element. The sweating laborer is 
indeed often bitten by the Azteea ants; but 
they are among the less formidable of the 
hosts of ants of many kinds and habitats 
whose bites and stings—along with those of 
a variety of other insects—are an inseparable 
accompaniment of bis toil. 

For the Azteeas can only bite with their 
mandibles. Their mode of attack is entirely 
mechanical; no venom is injected into the 
victim. Ants capable of inflicting really 
severe punishment sting, like honeybees, with 
the end of the abdomen, injecting a drop or 
so of formic acid. Neither biting ants nor 
biting bees—of which tropical America con¬ 
tains many kinds—-command the same re¬ 
spect as their stinging relatives. I would 
rather endure the gnawings of a score of the 
Ceeropia’s ants than one fierce sting of the 
long, slender ants that dwell in the bull-horn 
acacia, or, for that matter, of one of the tiny 
brown fire ants so annoyingly abundant 
about bouses and lawns in tropical America. 
The Azteeas, weak and. not particularly agile, 
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REVEALING II INTERNODAL CHAMBERS, EACH ONE SUR¬ 
ROUNDED BY THE WHITE REMNANTS OF CENTRAL PITH. 


are seriously incommoded by hair no denser 
than that on the back of a man’s wrist. A 
few of them biting away at the tough skin 
of a man’s hands are of no great consequence. 
It is only on the tender skin of the neck and 
parts of the body habitually clothed that 
they cause much discomfort. 

(Jecropia trees are as a rule left unmolested 
by man, except when he is clearing land for 
sowing and other purposes, largely because 
they are of little use to him. Sometimes a 
segment is removed from a felled trunk, ex¬ 
posing the central hollow, which then serves 
as a gutter for conducting water—perhaps 
the only available substitute for a pipe in 
forest communities remote from both steel 
mills and native bamboos. The tough fiber 
in the bark is sometimes twisted into rope or 
used for making hammocks,* but where the 
burio ( Heliocarpus ) or the juco ( Trema ) are 
available, the Ceeropia is rarely disturbed 
for this purpose. The choice is determined 
by the superior fiber of the first two, not by 
the ants in the last. Yet the botanist will 
admit that Ceeropia trees are unpleasant 
plants to collect; if the ants are individually 
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not formidable, their very abundance is 
troublesome. 

One has only to watch an Azteea ant 
struggling among the hairs of his forearm 
to suspect that on the body of a furry animal 
the insects wonld be as incapable of rapid 
and effective action as a man might be in the 
midst of the debris of a newly felled forest. 
Mammals of several kinds consume large 
quantities of the foliage of the Cecropia. 
The howling monkeys—those agile browsers 
of the tree tops—are fond of its great leaves 
and tender catkins; and in regions where 
they abound their vociferous bands are often 
seen among its branches. When first, in 
Panama, I studied Nature in the common 
range of the Cecropia and the howling mon¬ 
key, I was reluctant to believe that the par¬ 
ticular trees in which the monkeys foraged 
were indeed infested by ants. It seemed 
more likely—to one influenced by the writ¬ 
ings of Schimper—that they had somehow 
escaped colonization by the Aztecas. I re¬ 
call vividly how, years ago, I cut into the 
trunk of a tall Cecropia, whose growth in 


girth had quite obliterated the lower of the 
ants ’ perforations for ingress and egress, 
while the howlers that had been feasting 
among its lofty branches shouted down their 
protests. But when I reached the hollow 
center the little Aztecas swarmed out; and 1 
knew then that they were ineffective in 
guarding the tree against the depredations 
of the monkeys. These animals, it is true, 
devote a very considerable portion of their 
time to scratching themselves; but the 
amount of this activity bears no relation to 
the kind of tree in which they happen to be; 
and doubtless it is their own parasites rather 
than the Azteea ants that cause them dis¬ 
comfort. 

Another tree-top browser very fond of the 
foliage of the Cecropia is the three-toed sloth 
(Bradypus griseus). This phlegmatic crea¬ 
ture, whose existence appears so nearly vege¬ 
tative, seems to have definite tastes in foliage. 
In western Panama, the sloths appear to pre¬ 
fer the Cecropia to other trees; just as in the 
highlands of Costa Rica the two-toed sloth 
(Choloetis hoffmanni) is found eating the 
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leaves of a certain tree (Brunellm costa - 
ricensts) too often for it to be considered a 
mere matter of chance. Of five three-toed 
sloths that I saw in one day, while paddling* 
along a Jagoon in western Panama, four were 
in Oeeropia trees. One of these, a female 
carrying her baby upon her breast, was des¬ 
cending the trunk of a Oeeropia that had 
been defoliated to the last leaf. In eating, 
as in other activities, the sloth is quite as 
slow and deliberate as its name implies; a 
single large Oeeropia leaf will engage its at¬ 
tention for half an hour or more; and a 
denuded tree indicates long and persistent 
activity by the beast. One might suppose 
that the Oeeropia would produce leaves 
faster than a sloth could consume them. 
Like the monkeys, the sloth devotes a large 
share of its waking hours to scratching, with 
a steady, deliberate, mechanical action that 
scarcely reveals any trace of irritation or of 
feeling. But in this instance, too, the source 
of irritation appears to be other than the 
Azteca ants, which can scarcely find their 
way through the beast's coarse, dense pelage. 
When sated with its meal of foliage and 
finished with its scratching, the sluggish 
creature seeks the crotch of a stout limb, 
bends its head forward until its short, dull 
face is hidden between its forearms, and re¬ 
mains quietly sitting and slumbering upright 
in the fork, a featureless mass of gray hair, 
all oblivious of the ants that crawl over the 
limbs all around it. 

Birds of many kinds visit the Oeeropia 
tree, either to rest among its branches— 
where the ants appear never to molest them 
—or for more special purposes. The thick, 
green, fruiting catkins are a food attractive 
to fruit-eating birds as diverse as oropen- 
do'las, toucans, barbets, cotingas, and finches, 
which help scatter the tiny seeds far and 
wide and are responsible for the far-flung 
distribution of the tree. In the upper Ter- 
raba Valley of Costa Rica, these catkins are 
probably the most important food of frugivo- 
rotis birds during the early months of the 
year, when fruits of other sorts are scarce. 
Other birds, from big squirrel cuckoos to 
little wintering wood-warblers, seek the va¬ 
ried insects that thrive upon the succulent 
foliage. Although its coarse, open branch- 
system makes the Oeeropia a poor site for 


nests, yet a few kinds of feathered creatures 
build their homes upon it and raise their 
families without molestation by the ants; 
just as birds of more numerous kinds place 
their nests in the bull-horn acacias, evidently 
taking advantage of the protection afforded 
by the fiercely stinging ants that dwell in the 
thorns. The bulky, domed nests of the chip- 
sacheery flycatcher (Myiozetetes similis) are 
not infrequently built in a crotch of a 
Oeeropia tree. 

Most of the feathered visitants to the 
Oeeropia tree are beneficial, either in scat¬ 
tering its seeds or in removing insect pests. 
The theory that the Azteca ants are present 
as a standing guard of the tree would not 
require that they keep these birds away. 
But one bird that habitually frequents the 
Oeeropia, and certainly does it more harm 
than good, is attracted by the ants them¬ 
selves. The big pileated woodpecker (Ceo- 
phloeus lineatus), a black bird with a flam¬ 
boyant scarlet crest, pierces young trunks 
and the slender branches with its powerful 
chisel-bill, to extract the ants and their 
pupae from the hollow center, now and again 
pausing in its work of perforation and ex¬ 
traction to pluck off great numbers of the 
unfortunate Aztecas that swarm over the 
bark. In widely scattered portions of its 
range, I have times without number watched 
this myrrnecophagous woodpecker at its feast. 
These ants are an important constituent of 
the bird’s diet. Like those other ant-eating 
members of the family, the flickers, the 
pileated woodpecker feeds its nestlings by 
regurgitation. This mode of bringing food 
to the nest is less prevalent among the New 
World woodpeckers than that of carrying it 
in the bill and has perhaps been developed 
in relation to the smallness of size of the 
individual particles that form the diet of 
those kinds subsisting largely upon ants. 
The holes made in the branches and young 
trunks of the Oeeropia are closed at length 
by wound tissues that eventually form great- 
tumorous protuberances; but many young 
trees break across at the point where they 
have been pierced low in the stem. Trees 
that have received much attention from the 
woodpeckers are less flourishing than their 
undisturbed neighbors, while their ant col¬ 
onies are greatly depopulated. In regions 
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AN OROPENDOLA 

THIS BIG COUSIN OF THE ORIOLES EATS THE FRUIT¬ 
ING CATKIN OF CECROPIA. THIS IS A YOUNG BIRD. 


where the woodpecker is abundant, it is in¬ 
credible that the ants can be of sufficient 
service to the tree to compensate for the 
tremendous injury that their presence brings 
upon it. 

To the pileated woodpecker the Oecropia 
is alluring in proportion to the number of 
ants it shelters; but to a number of small 
birds of quite different tastes it is most at¬ 
tractive when the Aztecas are few or absent. 
For only in the absence of the ants do the 
little white protein corpuscles become abun¬ 
dant and prominent on the furry cushions 
at the bases of the petioles; and when this 
occurs they offer a dainty food to a variety of 
small birds. I have watched twelve species 
take advantage of this food. The little, yel¬ 
low-breasted Mexican honeycreeper (Coereba 
mexicana) is fond of these tidbits, which may 
form a not unimportant article in its diet. 
In parts of its vast range as distant as Costa 
Rica and Ecuador I have repeatedly seen the 
tiny bird pluck off the minute white bodies 
with the sharp tip of its strongly curved 
black bill. The Parula warbler of the Trop¬ 
ics ( Compsothlypi$ pitiayumi) feasts upon 
these dainties; while such wintering members 
of the family as the Wilson warbler (Wil- 
sonia pusilla ), the Tennessee warbler (Ver- 
mivom peregrina), and even the thicket- 


haunting mourning warbler (Oporornn s* Phil¬ 
adelphia) have also discovered their secret. 
Among finches, the Mexican grnsscjuit (Thrift 
olieaeea) and the seedeaters (Hporoplnla 
spp.) sometimes eat them; among ta,lingers, 
the euphonias (Taimgra spp.) and the blue- 
rumpert tanager (Calm'piza gyro!aider) • 
while in the highlands of Costa Rica the 
queer little oven,bird known as Lawrence's 
spinetail (A eror chillis erythrops) consumes 
them in numbers. In this same region dwells 
the biggest bird that T have seen eat the 
protein bodies, the yellow-thighed sparrow 
(PftcUiopIwruH tibialis) , which is a finch as 
large as the towhee. In the excessively wet 
mountains where the spinetail and this spar¬ 
row dwell, the hollow stems of the Oecropia 
are much of the time flooded with water, 
with the result that they contain no ants 
to share the protein bodies with, the birds. 
The visits of all these small birds are of no 
importance to the tree, nor do they help us 
to decide whether the Azteea ants form an 
effective guard; yet their presence is fur¬ 
ther evidence of the multiform bounty of the 
Oecropia. 

But it is was not in defending their home 
tree against birds and four-footed animals, 
so much as against the depredations of other 
inserts, that Behimper supposed the garrison 
of Azteea ants to be of greatest service. Yet 
frequently one sees a Oecropia with its foli¬ 
age more or less damaged by leaf-eating in¬ 
sects. Sometimes the softer tissues of the 
great leaves are all but consumed by a bud- 
worm, even on trees with a thriving colony 
of ants. My own observations, made largely 
north of the Equator, are in full accord with 
those of Karl Fiebrig, who years ago, from 
studies made in Paraguay near the southern 
limit of the Oeeropia’s vast range, concluded 
that the ants were ineffectual in protecting 
the trees from a variety of insects and their 
larvae. 

But in the Tropics perhaps no insects as 
a class are more injurious to vegetation than 
ants themselves. Abundant as these crea¬ 
tures are in the Temperate Zones, no one 
who has not actually lived in the tropical 
lowlands can form an adequate conception 
of their numbers and variety in regions of 
perpetual warmth. From crevices in the soil 
and the rocks to the topmost branches of the 
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great forest trees, they swarm everywhere in 
unbelievable variety and abundance. At 
times one’s dwelling will be invaded by a 
horde of Eehiton, or army ants, which flow 
like a stream through every nook and cranny, 
seeking out the small creatures of every kind 
on which they prey. These carnivorous 
legions perform their generally beneficial 
work of clearing the house of vermin and 
pass on; but smaller ants of various kinds 
are always present; and no food escapes their 
depredations unless stored in a sealed con¬ 
tainer or in a, cabinet with legs set in water. 
The nests of these tropical ants are of the 
most astounding variety. Some are placed 
in the ground; some hang like great gray 
stalactites from the lofty boughs of trees; 
some occupy hollow dead branches; others 
are woven of finest silk secreted by the lar¬ 
val ants, among living foliage skillfully at¬ 
tached to the walls. It is not surprising 
that the hollow living organs of many spe¬ 
cies of plants should have been discovered 
and occupied by ants, which during the 
course of ages became specially adapted to 
life in these snug retreats, and in turn gradu¬ 
ally produced changes in the structure of the 
host, thereby developing the curious phe¬ 
nomenon of myrmecophily. 

The agriculturist in the Tropics wages a 
never-ceasing war against the battalions of 
the ants. They devour his seeds if germina¬ 
tion is slow; they bite the young and tender 
tissues of plants, enlarge crevices in the bark 
of fruit trees for their nests, damage young 
sprouts by covering them with earth, spread 
mealy aphids over his sugarcane. * Since 
turning attention to practical agriculture in 
the Tropics, ! find it increasingly difficult to 
hold faith in Sclumper’s view that the extra¬ 
floral nectaries so common in the plants of 
warm regions are of service by attracting 
beneficial species of ants. I have never 
known a husbandman in tropical America 
who had a good word for the ants. Yet in 
the Orient the situation may be different. In 
Java the natives of certain districts collect, 
in the forest and among the trees along the 
seacoast, nests of a kind of large and fierce 
red ant, which they hang in their mango 
trees. Here the ants protect the developing 
fruits by devouring the larvae of a beetle 
(Crijp tovrhynchus mangifera ) capabl e of 


causing great damage. The Javanese are 
said to attend these red ants with care, pro- 
viding flesh to suit their carnivorous tastes, 
destroying other kinds of ants that are hos¬ 
tile to them, and joining the mango trees 
together by bridges of bamboo to facilitate 
the insects’ visits to all parts of the grove. 
In ancient times the Chinese orehardists col¬ 
lected and propagated ants, which they 
placed in their orange and tangarine trees 
to keep them free of caterpillars. There was 
actually a special class of laborers who col¬ 
lected the ants. 

But these husbandmen of the Far East 
never had to contend with the leaf-cutting 
Attas, which of all ants in tropical America 
do most conspicuous injury to vegetation. 
The nest of these brown spiny ants is made 
underground, and with time it becomes a 
far-flung labyrinth of chambers and inter¬ 
communicating tunnels, beneath the wide 
bare mound of earth thrown out during the 
course of their excavation. From the mound 
as a center, narrow, well-defined pathways, 
kept clean and bare of vegetation by the 
ants, extend far and wide over the neighbor¬ 
ing terrain. Along these myrmecine high¬ 
ways a stream of ants is constantly flowing: 
huge-jawed, deliberately stalking soldiers, 
slender workers of medium size hurrying to 
their tasks, and tiny ants whose function is 
not at once apparent. Those traveling out¬ 
ward from the nest go unburdened; but in 
the returning stream a large proportion of 
the workers bear in their jaws pieces of 
green leaf far larger than themselves, rising 
above their backs like irregular standards or 
sunshades. Hence comes the name, parasol 
ants, sometimes applied to them. 

Each bit of leaf is cut by the scissorlike 
mandibles of a worker ant from the foliage 
of a growing plant, whether tree, shrub, or 
herb. As it is borne along by the worker 
toward the nest, another smaller ant, or 
sometimes two or three together, may be seen 
clinging to the already huge burden and 
being carried toward the mound. Doubtless 
these riders are attempting to bear the bur¬ 
den themselves; but the strongest of those 
attached to the bit of leaf lifts the would-be 
helpers into the air and marches off with 
both cargo and assistants. Arrived at the 
nest, the pieces of leaf are carried into the 
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subterranean chambers and cut by the jaws 
of the ants into fine bits, which form a sort 
of compost heap, upon which a special kind 
of fungus is grown. The ants eat, not the 
leaf, but the fungus, which produces a pro¬ 
fusion of minute, knoblike bodies in white, 
flocculent masses. It is supposed that the 
duty of the smallest class of workers is to 
weed the fungus gardens, removing all kinds 
of fungus growths except that upon which 
the population subsists. When they have 
served their purpose, the discolored bits of 
leaf, far from being eaten, are thrown out 
upon midden heaps near the entrances to the 
burrows. 

Though these ants make use of the foliage 
of a great variety of plants native to tropical 
America—indeed, these were the only kinds 
available to them during the long centuries 
before Europeans, following Columbus, 
brought the products of the Old World to 
the New—some writers have thought they 
detected a special fondness for the leaves of 
cultivated species introduced from the East¬ 
ern Hemisphere. This seeming preference 
may be caused by the circumstance that in 
plantations, where little variety is within 
their reach, the Attas make severe attacks 
upon the dominant plant. A colony estab¬ 
lished in a lawn may almost defoliate the 
nearest ornamentals, whereas in the forest, 
with so many plants of so many kinds avail¬ 
able, they show slight preference for par¬ 
ticular species, and their injury to the vege¬ 
tation is less evident. But it is certain that 
in many districts one cannot profitably grow 
his crops, or enjoy beautiful shrubbery and 
flowers about his dwelling, without waging 
unremitting warfare against the leaf-cutters. 
Great coffee plantations employ squads of 
men for the sole purpose of destroying their 
nests, either by pumping poisonous gases 
into them or by digging them out, leaving 
great holes large enough to bury a yoke of 
oxen. The farmer may feel a bond of sym¬ 
pathy with these fellow agriculturists even 
as he proceeds to destroy them; but he knows 
very well that he and they cannot both make 
a living from the same farm. 

Are the Azteca ants of the Cecropia tree 
an efficient guard against the destructive 
leaf-cutting Attas? Schimper believed that 


they are. Examine a hundred Oeeropias, 
even in a district where leaf-cutting ants 
abound, and few if any will show severe 
injury by them. But the same would be true 
of almost any other kind of tree, native or 
introduced, except in plantations and door- 
yards where the bare soil invites the estab¬ 
lishment of Atta colonies, and they have little 
variety of vegetation to choose from. Rarely 
the Atta ants make great inroads upon the 
foliage of a Cecropia, cutting away the great 
leaves until only the principal veins remain, 
each margined by a narrow strip of tissue 
with circular indentations that reveal the 
ants' mode of work. I have seen such depre¬ 
dations on Cecropias that supported a flour¬ 
ishing colony of Aztecas. 

For several months I have been looking 
for a Cecropia that gave evidence of the 
work of the Attas, but without success. This 
might be construed to favor the theory of 
mutual protection; but T have also failed to 
see the leaf-cutting ants at work upon, a hwrio 
(Ileiiocarptts ), a soft-wooded, swift-growing 
tree of the same habitat as the Cecropia and 
no less abundant, but with solid stems that 
provide no accommodation for ants. The 
Attas are happily not very abundant in this 
district—(except in our eancfield. 

Finally, in order to witness what would 
happen when Atta and Azteca came face to 
face, I captured a few leaf-cutting ants and 
placed them upon the stem of a young Ce¬ 
cropia tree. The occupants were mostly in¬ 
doors ; and the unintentional trespassers 
wandered aimlessly about without meeting 
them; so I shook the sapling to bring the 
Azteeas outside. The little ants came pour¬ 
ing out their narrow doorways and raced 
about over stem and leaves, as if seeking the 
cause of the disturbance. Many of them 
passed close by the Attas; and often they 
ran beneath the longer-legged brown ants, 
without paying any attention to them. This 
might happen a number of times, and the 
interlopers remain for several minutes un¬ 
challenged in the midst of the swarming 
Aztecas. But sooner or later an Azteca 
would seize an Atta by a leg, or more rarely 
the body, and then one of several things 
might happen. Sometimes, in a manner 
difficult to understand, the tiny Azteca 
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would throw the big Atta from the tree, 
retaining its own hold. Far ofteuer the 
tussle would continue until the unequal ad¬ 
versaries fell, clutched together, to the 
ground. Or, if the struggle was long-drawn- 
out, other Azteeas, bumping into the con¬ 
testants, would join the fray. Although 
many of the smaller ants might brush against 
an undisturbed Atta and pass on, every one 
that came within touching distance of an ant 
already attacked would at once seize upon it. 
Soon the unfortunate leaf-cutter would be in 
the midst of half a dozen angry little Azteeas, 
pulling out its long legs this way and that, 
biting its hard brown body, until at length 
the whole writhing mass fell from the tree. 
Some of the Attas, especially the larger 
workers, easily repelled each attacking 
Azteca with a single nip of their powerful 
mandibles and went wandering around until 
they reached the ground. 

The same was true of some large black ants 
with golden abdomens that I found on the 
•Ceeropia trees—the Azteeas were helpless 
against their strong jaws. There is no doubt 
that the Ceeropia tree’s garrison of ants at¬ 
tempts to repulse invading ants, in many 
instances with success. But if they are not 
stirred up, as in my experiments, a foreign 
ant might wander far over the tree without 
meeting a defender; and the latter often 
proves entirely neutral when at last contact 
is made, The Attas placed one by one upon 
the Ceeropia were lost, aimless, far outnum¬ 
bered. From what I saw it was not difficult 
to picture a whole organized column of 
them mounting the trunk of an otherwise 
undisturbed Ceeropia and cutting the leaves, 
without meeting real resistance from the 
supposed garrison. But resistance or no 
^resistance, they are quite capable of carrying 


off the foliage of a well-populated tree when 
they want it. 

Monkeys, sloths, woodpeckers, honeycreep- 
ers, and many other birds, Azteca ants, leaf¬ 
eating insects, and at times even Atta ants— 
are they not all in the same category, guests 
that come to partake of the bounty spread 
for them by the 'most hospitable tree of the 
Tropics ? Some do it harm by stripping it of 
foliage or drilling holes in its trunk; others, 
as the small birds that eat the protein bodies, 
and apparently also the Azteca ants them¬ 
selves, appear neither beneficial nor directly 
harmful; only the larger fruit-eating birds 
that scatter its seeds far and wide, and the 
insectivorous species that remove caterpillars 
from the leaves, are an undoubted positive 
benefit. The Azteeas, instead of a formidable 
guard to repel all intruders from an inhos¬ 
pitable tree, may be simply the foremost 
beneficiaries of a bountiful one. 

But the admission that the most distinctive 
is also the most hospitable tree of tropical 
America forces ns to concede it still a third 
superlative. For to deny that the ants are 
of positive benefit to the tree is to refute the 
only plausible explanation that has been ad¬ 
vanced for the evolution of its three great 
structural peculiarities: the exceptionally 
wide central hollow of the stem, the furry 
protruding leaf bases with their protein 
bodies, and the pits that facilitate the per¬ 
foration of the wall surrounding the hollow 
internode. Without some single use to which 
all three contribute, how can we account for 
the presence in a single species of features 
that would be surprising enough as random 
developments in three different families ? 
The mystery still challenges us. The Cecro- 
pia is the most enigmatic tree of tropical 
America. 
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FBI LABORATORY IN WARTIME 

By JOHN EDGAE HOOVER 


Chemistry, physics, and mathematics in 
their myriad subdivisions and applications 
have played a highly important role in carry¬ 
ing out the duties imposed upon the Federal 
Bureau of Investigation by the President's 
Directive of September 6, 1939, requesting 
it to take charge of and to correlate the in¬ 
vestigative work in all matters relating to 
espionage, sabotage, and subversive activities. 

The responsibility of maintaining the in¬ 
ternal security of our country increased tre¬ 
mendously the volume of scientific work flow¬ 
ing into the FBI Laboratory from federal, 
state, county, and local law enforcement 
agencies. In the fiscal year ending July 1, 
1940, the Laboratory conducted 7,097 ex¬ 
aminations involving 39,500 specimens of evi¬ 
dence, whereas in the fiscal year ending July 
1, 1944, there were 154,511 examinations and 
223,048 specimens of evidence. These figures 
represent an increase of 2,200 per cent in 
the number of laboratory examinations per¬ 
formed. 

The present war naturally has wrought 
great changes in both, the industrial and sci¬ 
entific fields. The spectrograph, which for 
many years was used primarily as a means 
for providing additional data relating to 
astronomical phenomena, is now providing 
both qualitative and quantitative control of 
the composition of materials vital to the 
proper and adequate functioning of our war 
machine. The control of the compositions of 
alloys such as steels, duralumin, and mag- 
nalium is now being monitored spectrograph- 
ically at the furnaces of our industrial plants, 
thus eliminating time-consuming analytical 
chemical procedures previously employed. 

Spectrographie techniques have been em¬ 
ployed in the FBI's Laboratory for many 
years, and as a result unusual and novel 
methods of handling and analyzing minute 
quantities of evidence have been developed. 
Unfortunately the qualitative and quantita¬ 
tive procedures for analyzing metals in the 
industrial field cannot be universally em¬ 
ployed in the crime detection laboratory, 
where the examiner cannot control the quan¬ 


tity, shape, and contaminants of his speci¬ 
mens. I n the crime laboratory each speci¬ 
men of material is different, from t in' one that 
preceded it. 

The light radiated when a specimen of 
material is burned can he readily analyzed 
spectrographically, and permanent photo¬ 
graphic records produced of the chemical 
constituents of the material burned. In some 
cases in which the quantity of evidence is 
extremely small the entire specimen must,, of 
necessity, be burned and destroyed, in such, 
instances the spectrographie plate becomes 
the only record of the evidence in the case. 
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The spectrographie technique is limited by 
certain factors; namely, the quant ity of light 
radiated while the specimen is burning, the 
light absorbing qualities of the mediums 
through which the light must pass, the dis¬ 
persing power of the prism or the grating 
used in the instrument, and the speed and 
physical properties of the photographic 
medium. Fortunately even microscopic par¬ 
ticles radiate ample ultraviolet, visible, and 
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infrared light to be recorded spectrograph- 
i rally. 

Foreign metal fragments found on the cut¬ 
ting edges of tools used as implements of 
sabotage or spite grievances have been suc¬ 
cessfully identified with damaged material. 
In one instance it was possible to identify 
numerous fragments of glass found in the 
hydraulic systems of fighter planes as having 
come from a glass pressure gauge of the 
hydraulic testing unit in the manufacturing 
plant. Additional investigation showed that 
an industrial accident was involved, and 
not a premeditated act or foreign-directed 
sabotage. 

The use of this equipment has also in¬ 
creased the percentage of solutions of auto¬ 
mobile hit-and-run cases. Usually the scene 
of such an accident lacks obvious clues and 
evidence, but the searching eye of a thorough 
investigator seeks out minute particles of evi¬ 
dence, which, small and insignificant as they 
may at first appear, can become very impor¬ 
tant clues when submitted to scientific ‘meth¬ 
ods of identification and comparison. 

Recently a National Automotive Paint File 
was established in the Speotrographic Sec¬ 
tion of the Laboratory. Here are maintained 
specimens and specifications of automobile 
paints for commercial and private cars, as 
well as for cars and other mobile units of the 
armed services. The file is most valuable in 
assisting the technician to show that the 
small fragments of paint found at the scene 
of the accident or on the victim’s clothes 
or motor vehicle came originally from a car 
of a certain make manufactured in a par¬ 
ticular year. By the application of micro¬ 
scopic, microchemical, and spectrographie 
techniques on a few paint particles, several 
cases involving the collision of military ve¬ 
hicles, as well as innumerable hit-and-run 
cases wherein private cars have been in¬ 
volved, have been solved through reference 
to this file. 

X rays have made an invaluable contribu¬ 
tion to the FBI Laboratory, particularly in 
the analyses of defectively and fraudulently 
prepared material for use in the country’s 
war machine. Castings of airplane parts 
manufactured by one aluminum company 
failed to meet specifications relative to their 
chemical constituents and were welded to 
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shield defects. The evidence developed from 
X-ray photographs, which were made in the 
Laboratory, was of considerable assistance in 
the prosecution of the parties involved. 

Intermediate between the useful energies 
of X rays and. the energies of visible light is 
the ultraviolet portion of the light spectrum. 
This region finds application in the detection 
of secret writing, a tool of espionage agents 
and saboteurs. Many chemicals that appear 
colorless and invisible in sunlight or artificial 
white light may become visible when exposed 
to ultraviolet light because of their phos¬ 
phorescent and fluorescent properties. After 
ultraviolet irradiation phosphorescent mate¬ 
rials radiate visible light for a period of time 
dependent on the period of excitation and 
the character of the substance, whereas fluo¬ 
rescent materials radiate visible light only as 
long as the ultraviolet rays are directed on 
the material. 

Laboratory work in connection with the 
landing of the eight Nazi saboteurs on the 
Amagansett shores of Long Island and in 
Florida in June of 1942 illustrates this type 
of investigation. Among the numerous arti¬ 
cles furnished by their German superiors 
were boxes of matches tipped with quinine 
for use in sending invisible secret messages. 
A message written with such an implement 
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could be read simply by treating the docu¬ 
ment with a dilute acid and viewing- the 
material under the ultraviolet light. The 
chemical action of the acid produces a dif¬ 
ferent compound that fluoresces and radiates 
visible light. 

From X rays and the ultraviolet one passes 
through the visible colors in the sun s spec¬ 
trum into another region of invisible light 
called infrared. This has been employed ex¬ 
tensively by the armed forces in aetial pho¬ 


tic* of surfaces and solutions yield informa¬ 
tion relative to their composition and phys¬ 
ical properties. This region ol the electro¬ 
magnetic spectrum has recently made pos¬ 
sible a new speetropholometric technique for 
the identification of small quantities and mix¬ 
tures of complicated organic compounds. 

In addition to the spectrograph and the 
spectrophotometer, the FBI Laboratory is 
equipped with a densitometer. This instru¬ 
ment is a photoelectric unit for determining 
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tography because of its ability to penetrate the density of the spectral lines appearing on 


hazy atmospheres and reveal, camouflaged 
buildings and equipment Owing to these 
same properties, infrared light is of value in 
the restoration of altered and forged docu¬ 
ments in the Laboratory. It also has ap¬ 
plications in infrared burglar alarms and 
blackout photography, which employs flash 
bulbs that radiate only infrared light. With 
the use of an infrared spectrophotometer, the 
infrared reflection and transmission proper- 


the photographs that are made in the spectro¬ 
graph. The density of the spectrographic 
lines is a quantitative measure of the con¬ 
stituents of the material burned. A second 
photoelectric unit called an opacimeter is 
also available for determining the opacity of 
papers and similar reflecting surfaces. 

Electricity is equally as important as 
optics in the FBI Laboratory. Electroana- 
lyzers for rapid chemical determinations, 
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electrometric pH equipment, and the Magna- 
flux represent some of the electrical instru¬ 
ments. The Maguaflux is used to determine 
the presence of surface cracks and defects in 
magnetic metallic objects. If a magnetizable 
object, such as an iron bolt, is placed in a 
magnetic field created by the instrument, the 
field distributes itself throughout the metal 
provided it is sound. If cracks and discon¬ 
tinuities are present, however, magnetizable 
pigments orientated around the breaks indi¬ 
cate their location. This equipment is of 
inestimable value in conducting some metal¬ 
lurgical examinations. 

Metallurgy itself: figures significantly in 
analyses involving cases of real or suspected 
sabotage. Fractured machine parts, dismem¬ 
bered cables, and metallic fragments of a 
foreign, nature found in the lubricating sys¬ 
tems, bearings, and other moving parts of 
machinery are typical of the evidence re¬ 
ceived in the FBI Laboratory for metallur¬ 
gical analysis. In analyzing a particular 
specimen and comparing it with other speci¬ 
mens, cross and longitudinal sections are so 
mounted that their crystalline structures 
may bo observed under a metallurgical 
microscope. Thus the similarities or dis¬ 
similarities between specimens may be re¬ 
vealed. Tn addition,' the nature of the in¬ 
dustrial treatments initially employed in the 
manufacture of the specimens as well as the 
functions the specimens were made to per¬ 
form as component parts of a machine may 
be evident to the metallurgist. 

A case depicting the part metallurgical ex¬ 
aminations are playing in security work in¬ 
volves a tractor that was manufactured in a 
plant in the Middle West and exported to 
Melbourne, Australia. When it was received 
in that city, a large deposit of fine iron gran¬ 
ules was found in the oil pan. The tractor’s 
timing gear, crankshaft, and bearings had 
been ruined by the granules, and it was be¬ 
lieved that an act of sabotage could have been 
committed. A quantity of similar metal was 
discovered around the oil level gauge sleeve 
of the tractor, adhering under paint which 
had hardened. Inasmuch as the paint had 
been applied in the United States, these 
granules must have been present prior to the 
exportation of the vehicle. The tractor was 
of the type that some foreign governments 



A COMPARISON MICROSCOPE 

BEING ADJUSTED FOR EXAMINATION OF EVIDENCE. 


have converted into armored tanks for mili¬ 
tary purposes. A metallurgical examination 
was made, and the samples were revealed to 
be white cast iron. The polished sections of 
these specimens revealed them, to be com¬ 
posed of eementite and pearlite with no 
graphite plates such as occur in gray cast 
iron. White cast iron is extremely hard and 
brittle, and because of this hardness it was 
suggested that it may possibly have been 
used as an abrasive. Further investigation 
utilizing the leads revealed by the laboratory 
examination brought the ease to a logical con¬ 
clusion. 

Petrographers in the FBI Laboratory who 
handle analyses of abrasives, minerals, and 
soils employ many of the principles of the 
physical sciences in the determination of the 
optical and physical characteristics of these 
materials. Through use of the petrographic 
microscope, polarized light, and the refrac- 
tometer the refractive, axial, and the polar¬ 
izing properties of crystals, the crystalline 
form, if any, and the- cleavage of the sub¬ 
stance being examined can be determined 
optically. Consequently, in scientific crim¬ 
inal examinations of this type in which com¬ 
parisons of the samples are desired, a great 
significance is attributed to the optical prop¬ 
erties that are observed by the petrogra.^ 
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pher, To assure high accuracy in the deter¬ 
mination of the indices of refraction of par¬ 
ticles of soils, crystals, minerals, or glass, a 
double variation method may be employed. 
This utilizes two methods of varying the 
index of a liquid, changing the temperature 
of the comparison-standard refracting oil, 
and changing the wave length of the light 
used as an illuminating source. 

In many petrographic analyses, specimens 
of oils and grease are examined in order to 
determine whether foreign materials or abra¬ 
sives are present. An oil cup containing oil 
or the catch-pan from the disrupted piece ot* 
machinery might be submitted for examina¬ 
tion. The foreign materials present are first 
separated from the oil by centrifuging, and 
the residue is then analyzed to determine the 
abrasive nature of the material. Mechanical 
separations are made by sifting and by sedi- 
mental procedures employing differences in 


the specific gravity of the constituent parts 
of the foreign materials. The abrasives thus 
recovered may be compared with known 
abrasives that are maintained in the Lab¬ 
oratory in the Standard Abrasives File or 
with abrasives obtained from particular 
sources. By this method it is often possible 
to localize the source of the contamination 
and the destruction. 

On one oecasioh the Laboratory received 
one quart of lubricating oil taken from the 
oil system of a steam turbine, and it, was be¬ 
lieved that an act of sabotage had been com¬ 
mitted by the inclusion of abrasive material 
in the unit. The specimen of oil was found 
to contain considerable foreign contaminants, 
which were removed in the Laboratory and 
identified as silicon carbide abrasive consist¬ 
ing of crystals and crystal fragments vary¬ 
ing greatly in size and shape. The abrasive 
was unusual in that it was not derived from 
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THE CASE OF THE EIGHT GERMAN SABOTEURS 

ELECTRIC BLASTING OAFS, PMN AND PENCIL DELAY MECHANISMS, DETONATORS, AMPOULES OF ACID, ET CETERA. 


a grinding wheel or a grinding compound 
but from some process similar to a sand blast- 
ing method employed in the surfacing of 
metals. Further investigation by Agents of 
the FBI uncovered similar specimens of 
abrasives that led to the successful solution 
of the case. 

Chemical tests of various types likewise 
play a major role in the wartime work of the 
FBI Laboratory. Many examinations result 
from the destruction, of or damage to war 
goods by acids or other chemicals. To deter¬ 
mine the nature of the chemical employed 
and to observe the nature of: the surface 
destruction require unlimited effort and acute 
and persistent observation. 

Another type of case which has come to the 
attention of the Laboratory since the advent 
of the war involves violations of the Selective 
Service Act by individuals attempting to 
avoid being drafted. In Los Angeles, Cali¬ 


fornia, a radio repair shop owner notified 
the FBI that he had been contacted by the 
owner of a firm that produced pills and 
tablets. The vendor advised him that he 
could be provided with tablets that would 
44 fluff up” his heart and as a result make him 
unfit for military service. Accompanied by 
an Agent of the FBI,'the radio man con¬ 
tacted the pill manufacturer, and the two 
received pills, which according to the Lab¬ 
oratory analysis contained thyroid, pituitary, 
and prostate extract. Nine of the tablets 
were to be taken each day so that there would 
be no question of rejection at the Army In¬ 
duction Station. At the time of contact the 
owner of the firm mentioned that he had 
helped numerous others to evade service in 
this manner. He was brought to trial on 
June 28, 1944, and convicted on the strength 
of the laboratory examination and other 
testimony. The evidence completely contra- 
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CONTENTS OF BOX; SAFETY FUSE, DETONATING FUSE, TEN ItUOOKtt OF TNT, AND FOUR BOMBS RESEMBLING GOAL. 


dieted the contention that the pills were these explosives and their uses, effects, and 
composed of vitamin B x . operation required a largo number of do* 

Examinations involving the analyses of tailed analyses, 
firearms, toolmarks, explosives, and incendi- The magnitude of the application of the 

aries in the FBI Laboratory frequently are sciences in the FBI Laboratory can be ap- 

directly connected with the war effort. The preciated when it is realized that thousands 

case of the eight Nazi saboteurs represents of examinations are conducted each month, 

a cross section of this type of work. The Laboratory analyses and field investigations 

major portion of the equipment carried by both indicate that there has been no success- 
these individuals was of a destructive nature ful forcign-di reeled sabotage to date. From 
and included such articles as demolition January 1,1940 to September 1, 1944, 17,0(50 
blocks, brass and plastic relay devices, fuse cases of reported sabotage were investigated 
lighters, blasting caps, pen and pencil incen- by the FBI. While sabotage of some form 
diary sets, electric match heads, safety fuse was found in 1,837 instances, the vast mn- 
and detonating fuse, as well as numerous jority of the acts were due to spite, careless- 
other articles including some glass ampoules ness, and similar reasons. As of September 
containing powders of unknown composition. 1, 1944, a total of 542 convictions resulted 
The determination of the constituents of from prosecutions in the courts. 








THE RUHR 

By CHAUNCY D. HARRIS 


The use to which the Ruhr is put after this 
war may determine the character and dura¬ 
tion of peace in the next generation. Located 
near the Netherlands boundary, this German 
district is of world concern primarily as the 
greatest center of steel and coal production 
in the Eastern Hemisphere (Fig*. 1). It is 
a factor in many proposals for the postwar 
treatment of Germany. Among the pro¬ 
posals are that the Buhr be internationalized ; 
that by the elimination of industrial districts 
and the general prohibition of industry, Ger¬ 
many be reduced to an agricultural state; 
and that production of power by Germany 
be stopped, and power be supplied to Ger¬ 
many from other countries and cut off in case 
of trouble. 

International Aspects . International po¬ 
litical control is hoped by many to offer a 
possible means of harnessing the industries 
of the Buhr to peaceful reconstruction and 
of preventing their conversion to armament 
industries. Certainly the Buhr was the prin¬ 
cipal source of manufactured goods and 
power on which German military might was 
founded. The history of international, inter¬ 
vention in three German industrial districts 
and coal fields is instructive. The French 
occupation of the Buhr in 1923 to enforce the 
payment of reparations met with many diffi¬ 
culties. The Saar, given to France for 15 
years in. payment for French coal mines dam¬ 
aged by the Germans, voted at the end of 
this period, in 1935, to return to Germany. 
Discontent over the international partition of 
Upper Silesia on the opposite boundary of 
Germany was one of the immediate causes of 
World War II. 

The Buhr is of international concern as a 
major originating and terminating point in 
international trade, most of which travels 
through other countries en route to or from 
the sea. Lorraine, part of Germany from 
1871 to 1918, is a nearby source of iron ore, 
but after the political separation of the Buhr 
and Lorraine in 1918 an increasing propor¬ 
tion came by sea from Scandinavia, Spain, 
and North Africa. Most of the grain and 


iron ore moving inward to the Buhr and of 
coal moving outward to the sea travels 
through the Netherlands on the Bhine Biver, 
although the machinery export moves prin¬ 
cipally by rail through the Belgian port of 
Antwerp. Because the mouth of the Bhine 
lies in the Netherlands, and German aspira¬ 
tions for control of the entire Bhine have 
never been realized, the Dortmund-Ems 
canal was constructed from the Buhr to the 
North Sea by an all-German route; only a 



FIG. 1. LOCATION OF THE RUHR DISTRICT 


small proportion of Buhr freight moves on 
it, however. Canals within the Buhr district 
carry millions of tons of freight to the Bhine. 
Duisburg-Buhrort at the junction of the 
Buhr and the Rhine is the greatest inland 
port of Europe. 

The German cartels, which have their chief 
home in the Buhr, are of international con¬ 
cern, since they have become an instrument 
of national policy,.particularly in the export 
of steel and chemicals. The cartels, which 
closely control production and sales, are fed¬ 
erations of mammoth companies. Twelve 
such companies produce three-fourths of the; 
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FIG. 2. A BLAST FURNACE 


WITH HOT-BLAST STOVES, DUST OUT-OFF, OAS MAINS. 

coal, and six of these are iron, and steel com¬ 
panies with industrial empires including coal 
mines, coke ovens, integrated iron and steel 
works, and various processing plants. No¬ 
where in the world has vertical and hori¬ 
zontal integration of production been more 
highly developed. 

The Industrial District. If Germany, in¬ 
cluding the Ruhr, is reduced to an agricul¬ 
tural economy, as some propose, the difficul¬ 
ties of reconstructing the over-run countries 
will be increased. In spite of intense aerial 
bombardment, the Ruhr probably still ex¬ 
ceeds all other districts on the Continent in 
ability to replace the destroyed factories, 
machinery, and transportation equipment of 
Europe. In 1937 the pig iron production in 
the Ruhr (11 million tons) was about the 
same as that of the entire British Empire, 
and its steel production (nearly 14 million 
tons) was double that of Prance (Fig. 2). 
The dismantling of factories in the Ruhr 
would make the payment of reparations 
virtually impossible and would throw the 


burden of rebuilding Europe almost, entirely 
on the United States, which could scarcely 
hope for any appreciable repayment. 

The Ruhr industrial district, lies along the 
small Ruhr River, which Hows westward into 
the Rhine, 40 miles downstream from Cologne 
and 40 miles upstream from the Netherlands 
boundary. The entire industrial area, covers 
less than 3,000 square, miles, a tenth the area 
of Ohio, yet with about the same population. 
In 1939 the Ruhr contained 6,800,000 people 
and 14 cities (Pig. 3) of more than 100,000 
population, which are listed below: 


Ehhou ... 1)00,7*1 a 

Dortmund ... 0*12,201 

Dussoldorf . 541,410 

Duisburg . 454,f>4(» 

Wuppertal . 101,072 

(Jubsonktrohun . 517,508 

Bochum . 505,485 

OberhauHou . 101,842 

Krefeld-ITordingen . 170,908 

Hagen . 151,700 

Boliugcn . 140,400 

Mulboim . 157,540 

MUnchcn GhulbacU . 128,418 

Remmdtoid . 105,915 


The Ruhr River marks the boundary be¬ 
tween the contrasted northern and southern 
sections of the industrial district. In the 
north on the coal field between the Ruhr and 
Lippe Rivers are many coal mines and iron 
and steel furnaces. Seven cities of more than 
100,000 population have contiguous bound¬ 
aries in this section. The best-known and 
largest, is the centrally plaeetl city of Essen, 
from which Oberhauscn, Miilheim, and Duis- 
burg-Ruhrort form a solid urban area west¬ 
ward to the Rhine. Gelsenkirchen, Bochum, 
and Dortmund extend to the east. The iron 
and steel works of this northern section pro¬ 
duced nearly three-fourths of the pig iron 
and steel of Germany before the war. Most 
of the production came from the thirteen 
huge integrated works shown in Figure 3; 
each of these is similar to the great. American 
works at Gary, Indiana, in having co-ordi¬ 
nated blast furnaces, steel furnaces, and roll¬ 
ing mills (Pigs. 4 and 5). They are located 
in the west in and near Dnisburg-Ruhrort on 
the Rhine River, in the center in and near 
Essen and Bochum, in the east in Dortmund, 
and in Hagen to the south. 

South of the Ruhr River off the coal field 
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are centers of light industry. Krefeld- 
Uerdmgen and Miinchen Gladbach west of 
the "Rhine and "Wuppertal on the east are 
important, centers of textile production. 
Sol ingen and Remscheid are the leading 
German producers of cutlery. Diisseldorf 
and Hagen are centers of metal-working. 

Because of the vulnerable position of the 
Ruhr near the western boundary, the Nazis 
attempted to move the basic heavy industries 
to the safer interior. The attempt was 


The Coal Field . One suggestion for the 
control of Germany is to supply electricity 
from other countries and to prohibit the re¬ 
construction of old power stations or the 
building of new ones. The power of the coal 
mined in the Ruhr district in 1937, however, 
was equivalent to more than three times the 
total hydroelectric power generated in all 
Europe. The 127 million metric tons of coal 
mined in 1937 were equivalent to the power 
of 200 billion kilowatt hours of electricity 



FIG. 3. THE MAJOR CITIES AND INTEGRATED IRON AND STEEL WORKS OF THE RUHR 

THE COAL FIELD CITIES ARE SHOWN BY GRID PATTERNS; THE LIGHT INDUSTRY CITIES BY HORIZONTAL LINES. 


largely unsuccessful, however, because of the 
economy of iron and steel production on the 
coal field. The coal and lignite of Saxony in 
the interior do not produce metallurgical 
coke. The Ruhr district contains the best 
coking coal in Germany. In 1937 it produced 
32 million tons of coke, three-fourths that of 
Germany, and nearly half the total for 
Continental Europe (excluding the Soviet 
Union). All the coke ovens are located on 
the coal field in association with coal mines 
or blast furnaces. 


but only 64 billion hours were generated 
from water power in Europe (excluding the 
Soviet Union). Furthermore, power gene¬ 
rated from foreign coal could not easily re¬ 
place that of the Ruhr, since the coal pro¬ 
duced in this one district was approximately 
the'same as the combined total for all coun¬ 
tries which border on Germany: the Nether¬ 
lands, Belgium, France, Switzerland, Aus¬ 
tria, Czechoslovakia, Poland, Lithuania, and 
Denmark; the addition of Italy, Yugoslavia, 
and Hungary would not change the picture. 
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FIG. 4. PART OF THE KRUPP IRON AND STEEL WORKS IN ESSEN 

THIS FAMOUS COMPANY MINES COAL AND PRODUCES COKE, PIG IRON, STEEL, AND MANY TYPES OP ARMAMENTS. 

Instead of importing power, Germany usu- average annual production of one million 
ally exports 5-10 million tons of Ruhr coal tons each, many times the average product ion 
to each of four nearby countries: the Nether- of individual American coal mines. The 
lands, Belgium, France, and Italy. greatest concentration of producing mines is 

In 1937 the 127 Ruhr coal mines had an in a band ,15 miles wide and 35 miles Jong, 



FIG. 5. THE BOCHHMER VEREIN IRON AND STEEL WORKS IN BOCHUM 
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which lies immediately north of the line from 
Essen to Dortmund, but the mining district 
extends beyond the Rhine on the west and 
to Hamm on the east (Pig. 6). The mines 
are several times as deep as typical American 
mines; on the average the coal is hoisted 
nearly 2,000 feet. Also in contrast with most 
American mines, which tap only a single 
thick coal, seam, the Ruhr mines utilize many 
seams of moderate thickness (3-4 feet each). 

By European standards the average an¬ 
nual coal output per worker in the Ruhr is 
high—double that of Belgium or Prance and 
60 per cent greater than in Great Britain. 
This high output is the result of both the 
large production per shift and the high aver¬ 
age number of days worked each year. The 
output per shift is greater than in Belgium 
or Prance because, in comparison, the Ruhr 
seams are thick, relatively uniform, and only 
slightly disturbed. The average number of 
days worked each year is high because pro¬ 
duction is stabilized by the powerful Rhenish- 
WestphaLian Coal Syndicate and because 
many of the mines are owned by iron and 
steel companies, which have a steady year- 
around demand. 

The coal strata outcrop along the Ruhr 
River to form an exposed coal field. South 
of the river the coal seams are missing but 


to the north a hidden coal field extends at 
increasing depths for an unknown distance, 
perhaps connecting with recently discovered 
deposits in the Netherlands. 

The total column of coal-bearing rocks is 
about 9,000 feet thick, but the complete 
column is seldom present Within it are 57 
seams of commercial thickness. Prom the 
lower strata to the upper there is a regular 
progression in the composition of the coal. 
The proportion of fixed carbon declines and 
of volatile matter increases; the coal in turn 
is semianthracite, semibituminous, coking 
bituminous, and high-volatile noncoking 
bituminous. Two-thirds of the total produc¬ 
tion is from the rich seams of coking 
bituminous coal. 

The reserves of coal in the Ruhr are enor¬ 
mous. They account for 90 per cent of the 
deposits of Germany and may equal the com¬ 
bined total of all other coal fields of Con¬ 
tinental Europe outside the Soviet Union. 
The concessions now being mined have enough 
proved commercial reserves to last for 250 
years, and possible total physical reserves 
may be enough for 2,000 years at the present 
rate of consumption. Thus, barring unfor- 
seen discoveries, the Ruhr district is likely 
to remain the most important European 
source of power. 




WHAT FALLS FROM HEAVEN* 

By DORRIT HOFFLEIT 


Etymologically 4 meteor' signifies some¬ 
thing* pertaining to the atmosphere. Meteors 
(Fig. 1) are seen only when they become 
luminous in the upper atmosphere. They 
acquired their name, however, by virtue of 
the belief that they were purely atmospheric 
phenomena like lightning. According to the 
recommendations of the Society For Research 
on Meteorites, the word ‘meteor* should 
apply only to the luminous phenomena ac¬ 
companying the flight of a meteoroid (me¬ 
teoric particle) through the atmosphere, me¬ 
teorites being the tangible remains of those 
meteoroids that were originally large enough 
to have escaped complete demolition before 
arriving at the surface of the earth. Never¬ 
theless, I prefer to use the word ‘ meteor * in 
a more general and loose way to cover every 
phase in the “lifetime** of a meteoric body 
except when special terminology is clarify¬ 
ing. Although meteoric material does not 
originate in the atmosphere, the terminology 
is again appropriate in the sense that recent 
studies of meteors, notably by Whipple at 
Harvard, have thrown new light on the struc¬ 
ture of the upper atmosphere. 

* From an address to the Rittenliouso Astronomical 
Society, Philadelphia, May 12, 1944. All illustra¬ 
tions of this article have been supplied through the 
courtesy of the Harvard College Observatory. 


The Family Helalionshiys of Meteors, Me¬ 
teorites , and (Unneis. It was in 1798 that two 
students at (jbttingen, .Braudes and Benzoin 
berg, began practical meteoric astronomy. 
They conducted simultaneous observations 
from two different locations according: to iho 
ideas of Ohladni, who had already (1794) es¬ 
tablished the relations between meteorites 
and fireballs, between fireballs and meteors, 
and their possible connection with comets* 
Among over 400 meteors they had observed 
within a period of two months, twenty-two 
proved to be common to both observers. 
The average height of those twenty-two me¬ 
teors, determined by simple triangulation 
methods, was 61 miles. From the durations 
of visibility it was apparent that their speeds 
were several miles a second (actually much 
underestimated). Hence, these students con¬ 
cluded, the meteors must have come from 

great distances-.from beyond the distance 

of the moon. For a long time, however, this 
important discovery did not receive the at¬ 
tention, it. deserved. Then in 1844 the I je¬ 
on ids made a spectacular return one of 
those showers the old woodcuts represent as 
looking more like a snow storm than any 
celestial display the average observing youth 
of today has ever witnessed. It was noticed 
that the meteors seemed to radiate from a 
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particular spot in the sky (Fig. 2). This 
was interpreted as signifying that the me¬ 
teors move in parallel paths in space. The 
magnificence of the display in 1833 recalled 
the fact, that a similar fine display had been 
observed in 1799, also in November. This 
coincidence led to a search of historical ac¬ 
counts which revealed that abundant meteors 
had been seen at this time of year at intervals 
of a little over 33 years. The conclusion 
reached was that Leonid meteors move in an 
orbit around the sun in a period of some 33 
years. Their past reappearances were even¬ 
tually traced back as far as a.d. 902. The 
consequent prediction of a brilliant shower 
for 1866 became beautifully verified. The 
outcome of the next prediction for 1899, how¬ 
ever, was sadly disappointing, though, scien¬ 
tifically revealing in that the importance of 
planetary perturbations became sternly evi¬ 
dent. 

Through such observations of the Leonids 
and other showers the extraterrestrial origin 
of meteors became established. Their asso¬ 
ciation with comets (Fig. 3) was discovered 
soon after. In 1862 a faint commonplace 
comet was discovered. In 1866, when inter¬ 
est in meteors must have been unusually 
high, Schiaparelli noticed the similarity be¬ 
tween the orbit of this comet and the path of 
the Perseicls. The same year the orbit of the 
faint comet of 1866 was noticed by several 
astronomers (Schiaparelli, Peters, Oppolzer) 
to be the same as the orbit of the Leonids. 
Other coincidences were hunted and found, 
leaving no doubt as to the association of these 
two types of bodies. 

For centuries, among people of practically 
all religions, meteorites (Fig, 4) seen to fall 
were sacredly guarded because the objects 
had fallen from “heaven.” But the later 
scientific man had to find a logical explana¬ 
tion for these occurrences. Extraterrestrial 
origin seemed too farfetched. Meteorites had 
been seen to fall; but observations even by as 
renowned an astronomer as Lalande were 
treated with skepticism. By 1769 the ques¬ 
tion had become sufficiently important to be 
officially investigated. For this a commission 
was appointed by the French Academy of 
Science. We quote Nininger: “On this com¬ 
mission was no less a personage than the 
great Lavoisier, whose verdict, however, after 



FIG. 2. TTIE ANDROMEDID RADIANT 

THESE METEORS, APPEARING TO RADIATE FROM A 
VERY SMALL AREA IN THE SKY, ACTUALLY SHOOT 
THROUGH SPACE IN APPROXIMATELY PARALLEL PATHS. 

ail investigation, denied the phenomena, as¬ 
serting that the stone examined was only a 
terrestrial rock which had become vitrified 
by lightning.” But stones continued to fall 
from heaven till the truth would out. Fi¬ 
nally in 1803 a single shower of stones 
amounting to from two to three thousand 
meteorites fell in France, at L’Aigle. The 
French Academy again appointed a commis¬ 
sion, whose members this time became con¬ 
vinced of the now-accepted truth. Thus 
gradually the relation between meteorites 
and bright fireballs became established. The 
difference between these and the more com¬ 
mon meteors is mostly a matter of size and 
velocity relative to the earth. The smaller 
masses and those that collide at the highest 
velocities with our atmosphere are consumed 
higher up. Only a small percentage of these 
cosmic missiles reaches the earth’s surface. 
Thus through meteors we have a relation be¬ 
tween meteorites and comets. 

The history of the recognition of the char¬ 
acter and habits of comets is much like that 
of meteors, though covering a much longer 
truly scientific period. Aristotle had consid¬ 
ered comets as meteorological phenomena— 
“exhalations from the earth, inflamed in the 
upper air.” From a consideration of obser¬ 
vations of the comet of 1577 from various; 
parts of Europe, Tycho Brahe discovered that 
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FIG. 3. COMET DANIEL 1907 

METEORS HAVE BEEN FOUND TO TRAVEL ALONG THE 
ORBITS OF MANY BRIGHT COMETS LIKE THAT ABOVE. 


it was farther away than the moon. Then 
Newton (1689) concluded: 4 'For as comets 
were placed by astronomers above the moon, ■ 
because they were found to have no diurnal 
parallax, so their annual parallax is a con¬ 
vincing proof of their descending into the 
region of the planets.' 7 Already in 1675 
Hevelius had suggested that the orbits of 
comets might be parabolas, a theory that one 
of his pupils appears to have proved for the 
comet of 1681. But in most instances the 
parabolic nature of cometary orbits may be 
thought of primarily as a mathematical con¬ 
venience, the difference between an elon¬ 
gated elliptical and a parabolic orbit being 
too sinall to be decided from the short arc 
that is observed near perihelion. Edmund 
Halley, commenting on , the frequency of 
comet occurrences, became skeptical about 


the convenient parabolic hypothesis. Inter- 
comparing the elements of the orbits of sev¬ 
eral comets, he ascertained that a comet ob¬ 
served in 1531, one seen by Kepler in 1(507, 
and one he himself had seen in 1(582 were all 
one and the same object. Examining further 
available records on comets, he found more 
such correspondences, "lienee," he wrote 
in 1715, "I think 1 may venture to foretell 
that it will return again in the year 1758. 
, . . Therefore astronomers have a large field 
wherein, to exercise themselves for many 
ages, Indore they will, be able in know the 
number of these many and Great Bodies re¬ 
volving about the common center of the Hun. 
. . I believe we are still. lacking this 
knowledge. We do know, however, that 
unless comets are being created in some man¬ 
ner as yet unknown, their number is prob¬ 
ably diminishing. Certainly the sizes of the 
previously observed comets are diminishing; 
while newly discovered comets do not seem 
to compare in brilliance with the new ones 
of mere decades ago, Comet Cunningham, 
heralded as growing brighter after discovery, 
and Comet de Koek (1941), which was 
brighter than Comet Cunning,ham, are among 
the best examples of recent years. Surely 
they do not bear comparison with Halley's 
comet, (lomefc Morehouse (1908), (lomct 
Daniel (1907), and many other "great" 
comets of the past. 

In 1888 Theodor Bredikhine, then director 
of the Moscow Observatory, developed a 
theory of comets and meteors, showing how 
comets break up and how meteor streams arc 
formed from them. By way of illustration 
lie commented on the resemblances of the 
orbits of Comets 1843, 1880 I, and 1882 IT, 
three comets whose periods range from 732 
to 772 years. Bredikhine found .that they 
were probably all parts of one large comet 
which, had passed perihelion in the year 1110, 
Since Bredikhine ? s investigation several 
other comets have been found to belong to 
the same group. 

Of all the known members of this group 
of comets, that of 1882 is the most inter¬ 
esting. Before it reached its closest ap¬ 
proach to the sun, it had been a single large* 
comet. After passing perihelion it had split, 
into four comets. In a recent article S. Y. 
Orlov of U.S.S.R, comments on the proba- 


WHAT FALLS FROM HEAVEN 


33 


bility of meteor streams formed at the time 
of the disintegration of tliis comet. Search¬ 
ing the catalogues of meteor radiants, he 
finds that six observed meteor streams show 
association with the great comet of 1882. 

At least two comets have actually been ob¬ 
served to divide into two. Biela’s Comet 
(period 6,6 years) had been observed at four 
returns at which it showed no particularly 
remarkable features. Then on. its return in 
1846 it was seen first to become pear-shaped, 
then to divide into two parts. These twin 
comets travelled side by side for over three 
months before they passed from view. At 
their next expected return (1852) both reap¬ 
peared, separated by about a million and a 
half miles. Since then, however, they have 
been lost. Another comet, Taylor's 1916 I, 
was similarly observed to divide into two. 

Although Biela’s twin comets have never 
since been seen, unusual meteor showers asso¬ 
ciated with them were observed in 1872 and 
1885. In 1872 the numbers seen during one 
night by single observers amounted to over 
10,000. In .1885 from 600 to 1,000 meteors 
a minute were seen. The fascinating history 
of the Biel id family of comets and meteors 
(also called the Andromedid meteors from 
the position of their radiant) is fully de¬ 
scribed by Olivier in Med’corn, published in 
1925. 

Comets not only seem to disintegrate 
but may disappear from the solar system 
owing to the action of stellar perturbations 
upon them at large aphelion distances. E. 
Opik, the Estonian meteor expert, has shown 
that when they are at large distances from 
the sun, where its gravitational pull is weak¬ 
est, the slight pull exerted by other stars on 
a comet or meteor may be just great enough 
to move it out of its previous nearly parabolic 
elliptical path into one that is actually para¬ 
bolic or even slightly hyperbolic. As these 
are not closed curves, future returns close to 
the sun are impossible. 

How numerous are the meteors that we 
think of as the debris of comets? Watson’s 
estimates indicate that the earth encounters 
about seven billion each day, down to the 
10th magnitude. The total mass of meteoric 
material swept up daily by the earth is esti¬ 
mated at about one ton. As the earth en¬ 
counters an extremely small fraction of the 
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whole, the problem of numbers of meteors 
is a fertile field for investigation. Strangely, 
perhaps, it is not confined to the solar system. 
Meteoric debris, not always associated with 
comet history, is found throughout the 
known universe. The material of Saturn’s 
rings is probably much like meteorites. The 
same kind of material is probably responsible 
for much of the dark, obscuring matter in 
our Milky Way—regions such as the so-called 
Coalsack in the Southern Cross or the ITorse- 
head nebula in Orion. Meteoric fragments 
also presumably constitute at least a part of 
the matter that produces the dark oands seen 
in spiral nebulae, especially the dark lanes 
of the spirals seen “edge on.” 

These lines of reasoning bring us to the 
converse possibility of the one discussed by 
Opik. A stray meteoroid wandering between 
the stars may chance near enough to the sun 
to be “caught” by the sun’s gravitational 
pull. Once within the bounds of the solar 
system further attractions by the major plan¬ 
ets may even change its hyperbolic or para¬ 
bolic orbit into a respectable elliptical one 
(Fig. 5). Thus new comets or meteors are 
possibly captured from interstellar space. 
A comparison of recent with former paths of 
the Leonids illustrates the capture theory. 
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PIG. 5. THE LEONID ORBITS 

THE PATHS OP THE LEONIDS BEFORE AND AFTER 
THEIR SUPPOSED 11 CAPTURE ’* BY URANUS, A.D. 12*), 
ACCORDING- TO CALCULATIONS BY LE VERRTER, 1807. 

Have Comets Ilit the Earth f It has been 
estimated by Russell, Dugan, and Stewart 
that a head-on collision between a comet and 
the earth might happen on the average about 
once every 80,000,000 years. The consensus 
of opinion seems to be that such an encounter 
would probably result only in a very bril¬ 
liant display of meteors. The fall of meteor¬ 
ites would depend largely on the masses of 
the individual constituents of the head of the 
comet. In the event of a collision with a 
comet like Halley’s, the diameter of the head 
being of the order of 500 miles, meteorites, 
if they fell, would cover a large area. 

Two instances of meteoric falls may de¬ 
serve consideration as comet-encounters, 
though the areas involved bear no compari¬ 
son with the diameter of the nucleus of Hal¬ 
ley’s comet. One of these occurred in a more 
or less barren region of Arizona. There the 
famous Meteor Crater (Fig. 6), a mile across 
and 600 feet deep, is beautifully diseernable 
from TWA’s Grand Canyon Air Route to 
California. No huge lump of meteoric mate¬ 
rial has yet been recovered, although small 
meteorites are spread over an area five miles 
in diameter. If a large meteorite does exist 
(for which drillings give a fair indication), 
it is presumably buried well beneath the 
southern rim. When the meteorites fell, no 
one knows; estimates of the age of the crater 
based on geological considerations vary from 
5,000 to 75,000 years. 

The other possible case of a collision with a 
comet occurred in a Siberian forest on June 


30, 1908 (Fig. 7). A brilliant, fireball, ob¬ 
served at seven in the morning from a train 
about four hundred miles nwa-.v, appeared 
half the apparent size of the full moon. On 
impact with the ground the meteorite or 
meteorites prod need an “earthquake’’ of 
such intensity that the officials stopped the 
train, fearing a wreck. A column of tire was 
immediately seen to rise, and the noises from 
the explosion resembled, though exceeded, 
the din from artillery tire. The accompany¬ 
ing shock wave proved fully as disastrous as 
the fire, felling trees within a radius of thirty 
miles from the point of fall. Barometric 
records made in England (over 3,000 miles 
away) showed curious disturbances about 
five hours later that day. These were even¬ 
tually attributed to the pressure waves in 
the atmosphere due to the meteor, for the 
time lag between the collision and these rec¬ 
ords is consistent with the velocity of sound. 

That evening, sky-glows of great, intensity 
were witnessed throughout Europe and the 
British Isles. It has been suggested that the 
sky-glows were produced by dust from the 
tail of a comet. This is an intriguing sug¬ 
gestion. But when one recalls that the den¬ 
sity of matter in the tail of a comet is as low 
as that of the best laboratory vacuum, it is 
hard to conceive how so little matter could 
have influenced observed sky colors so 
greatly. The observed display was remi¬ 
niscent of similar effects noticed after the 
great eruption of Krakatau in 1883. 

It is indeed remarkable that so unusual a 

phenomenon as this Siberian fall-.which, 

caused considerable damage to the forest, 
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FTO. 7. THE GREAT SIBERIAN METEOR OR COMET FALL OE 3908 
Upper left , the asterisk near vanovara marks the site of the collision, which was found in 1927. 
Upper right, relative destruction and directions of fall of trees in area 75 miles in diameter. 
Lower left , within the above area trees were felled, burned, of scorched, photographed cm. 1928. 
Lower right, A crater, water-filled, resulting from the collision, no meteorites have been found. 


wiped out a herd of fifteen hundred reindeer, 
injured people and property as far as fifty 
miles from the actual site of the fall (fortu¬ 
nately a sparsely populated region)—should 
have remained almost completely neglected 
for twenty years. True, in 1908 attempts 
were made to locate the point of the fall, but 
they were unsuccessful. Most searching 
parties at that time thought the meteorite fell 
near Kansk, several hundred miles from its 
actual location. In 1923 Professor L. A. 
Kill ik, secretary of the meteor section of the 
Academy of Sciences, U.S.S.R., began collect¬ 
ing all available reports and information and 
in 1927 explored the Tunguska region. The 
exploration in swamp and woodland was a 


very difficult undertaking, but Kulik suc¬ 
ceeded in finding the area of fall, though no 
actual meteorites. Their craters, which he 
did discover, are water-filled and are among 
the smallest meteorite craters known. Prob¬ 
ably the mass that struck the earth was not 
a single large piece but really a swarm of 
meteorites. From the energy of the seismic 
and barometric waves, and the huge destruc¬ 
tion caused, the mass of the aggregate has 
been variously estimated. Nininger places 
the probable total weight at 40,000 tons. 

Recently Nininger estimated the 4 'bomb 
equivalent n of the 1890 fall of meteorites in 
Iowa. Of that fall about 300 pounds of me¬ 
teorites were recovered. Assuming that these 
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bodies collided with the earth at a relative ve¬ 
locity of ten miles a second, he finds that if 
there had been no atmosphere the meteorites 
would have caused an explosion comparable 
to that of about 6,000 pounds of nitroglycer¬ 
ine. This is six times as destructive as some 
of the most effective modern bombs. Luckily 
our atmosphere has a great shielding effect. 
In the ease of the Tunguska collision not only 
was the total mass of the meteoroids believed 
to be some 200,000 times greater but their 
velocity relative to the earth was estimated 
to be about four times faster. Since the 
sparsely inhabited regions of the earth cover 
most of its area, the probability of significant 
danger to humans from meteoric encounters 
is extremely slight. 

Investigations in Progress. Before clos¬ 
ing, let us look briefly at some of the work on 
meteoritics and comets that has been received 
from abroad during 1943-44 despite the war. 
Here is only a partial list of topics covered: 
the reality of observed hyperbolic velocities; 
meteor trains and their bearing on studies of 
the earth’s upper atmosphere; the relation¬ 
ship of meteor streams to comets; exceptional 
comets; analyses of observational data both 
on visual and telescopic meteors; relations 
between aurorae and cometary phenomena; 
on the motions, structure, and disintegration 
of comets; physical theory of meteors; spec- 
trophotometrie studies of meteorites; a study 
of 125 cometary orbits; velocities of meteors; 
and physical characteristics of meteors based 
on 12,000 observations (obtained in New 
Zealand within a period of 15 years). 

Perhaps the most intriguing of the long¬ 
standing problems in meteoritics concerns 
“hyperbolic meteors.” Prom various lines 
of reasoning it seems certain that interstellar 
meteoric matter exists. Some of this matter, 
impinging on the solar system, should occa¬ 
sionally be observed striking into our own 
atmosphere. Yet whenever an astronomer 
has found evidence that such interstellar me¬ 
teors have actually been observed, other as¬ 
tronomers have invariably found reason to 
question the validity of the observational 
evidence. “Interstellar” meteors move in 
hyperbolic orbits and it is from their veloci¬ 


ties (though not exclusively) that hyperbolic 
orbits can be inferml. If a meteor at a. cer¬ 
tain distance from the sun is moving faster 
than a specific limiting speed (the parabolic 
limit) it will have sufficient momentum to 
escape from effective gravitational influence 
of the sun. Hindi meteors are moving in hy¬ 
perbolic orbits. On numerous occasions ap¬ 
parent evidence has been found for hyper¬ 
bolic velocities. Opik, for one, devised in¬ 
genious apparatus for observing velocities, 
expressly in Urn expectation of finding con¬ 
crete evidence for interstellar meteors. The 
observations required are delicate, and al¬ 
though his results .indicated hyperbolic, veloci¬ 
ties, they are not; generally accepted. 

At; Harvard it, was hoped for a time that 
the meteor photography program inaugu¬ 
rated some years ago might; yield a clearly 
hyperbolic ease. At each of two stations 
separated by about thirty miles a. patrol 
camera, covering a large, area of the sky, is 
equipped with a rotating shutter. The shut¬ 
ter eclipses the lens about ten times a, second. 
Should a bright, meteor cross the field of the 
cameras, the meteor trails would be broken 
into small segments. Since duplicate photo¬ 
graphs from the two slat ions yield the height 
of the meteor in the atmosphere, the lengths 
of the segments give the true velocity. No 
hyperbolic meteors have yet been photo¬ 
graphed with this equipment. The Taurid 
meteors, formerly considered by IIolTmeister, 
the German authority on meteors, to be “in¬ 
terstellar” because, of their stationary ra¬ 
diant point, have been numerously repre¬ 
sented on these Harvard photographs (at 
least 14 Taurids). From an analysis of tin*, 
trails, Whipple in 1940 brilliantly proved 
that Taurids are not interstellar catches at 
all. They are associated with Gomel. Encke! 

Perhaps one reason why it has been pos¬ 
sible for so much to have been accomplished 
during wartime is that the study of meteors 
generally requires less elaborate, equipment 
than is necessary in other branches of ast ron¬ 
omy. In fact, a great; deal can be done with¬ 
out the aid of anything more than a good pair 
of eyes, a common watch, pencil, paper, and 

a flashlight for recording observations. and 

wide-awake, serious enthusiasm! 



THE IMPENDING SCARCITY OF SCIENTIFIC 

PERSONNEL* 

By M. H. TRYTTEN 


When the full measure of American 
technological power was applied to the prob¬ 
lem of producing war materials, the result¬ 
ing flood of equipment not only astonished 
the world, including our own people, but has 
taken its place among the great phenomena 
of history. American know-how has achieved 
this triumph. And it is American know-how 
that is now threatened with partial atrophy. 
Technological know-how, from the level of 
the man who can fix a radio to the man who 
can design an electron microscope, is the 
result of training. It is this training that 
has ceased, particularly at the highest and 
most vital level where leadership is expected 
to arise. In the preparedness that was 
vital—technological preparedness—we were 
supreme. But this technological competence 
is now being permitted to*decline. 

Very few Americans have appreciated the 
full accomplishment of American science and 
engineering in this war. Most of our people 
become confused by the large numbers they 
hear. One hears of navies so large that the 
task forces cover hundreds of square miles, 
most of them produced since December 1941, 
when our fleet was thought broken. One 
hears of the prodigious American air fleet, 
thundering in thousands of great bombers 
over several theaters of war, transporting 
goods and men over every ocean, and darting 
into every hiding place of the enemy the 
world over. This has all been achieved 
within the memory span of school boys. One 
hears of guns, ammunition, tanks, bazookas,' 
material of all kinds flowing in irresistible 
flood from factories that untiL three years 
ago never knew a product except for peace¬ 
time uses. 

Assistant Secretary of War Patterson re¬ 
cently said: 

That was our experience in World War I; it is 
also our experience today. Industries and universi- 

* From an address delivered at the 58th Annual 
Convention of the Middle States Association of Col¬ 
leges and Secondary Schools and Affiliated Societies. 


ties have turned tlieir laboratories and their test 
tubes inside out to give their country what it needed, 
whether they were summoned or not. Men and 
women who people those laboratories and wield the 
test tubes have given us more than we dared hope. 
Thousands of lives of our fighting men have been 
spared, most of the wounded restored to health. Our 
troops have been equipped with weapons, equaling or 
surpassing those of the enemy; final victory has been 
brought immeasurably closer, as a result of the efforts 
of our scientists and technicians. 

The very magnitude of the flood of war 
goods from American factories should not 
blind us to that which is most significant 
about our war production. Mere quantity 
of material is not of main importance; it 
is the quality of American material that is of 
prime importance. A more maneuverable 
gun or one with a higher muzzle velocity, a 
stabilized tank turret, a system of gunfire 
control that multiplies the effect of each gun 
by improving its accuracy, a faster airplane, 
more powerful photography, more acute de¬ 
tectors of underwater sound, and a host of 
other examples would illustrate the point. 
These things multiply the effectiveness of 
each soldier, making him strategically the 
equivalent of many. They permit rapid, in¬ 
expensive victories, saving innumerable lives 
and reducing immeasurably the ultimate cost 
of the war in lives, in suffering, and in our 
resources for civilized living. In his report 
on the war in Africa, Field Marshal Kessel- 
ring spoke of the superlative performance 
of American tanks, easily outclassing the 
German tanks. Who can measure the value 
of this performance in lives saved and as a 
strategic factor in multiplying the strength 
of American arms ? 

Who can estimate the value, in strategic 
advantage or in lives saved, of the armament 
of the new B-29 superfortresses ? The news¬ 
papers carry such tales of its powers as that 
which describes how one of these bombers 
beat off swarms of attacking enemy planes, 
shooting down 10 per cent of them without 
suffering damage. This is not an accident^ 
The equipment on the B-29 is a culmination 
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of a technological growth in the United States 
that has its roots in the past and that has 
been intelligently nurtured since. Typical 
fruit of this growth is the highly special tech¬ 
nological competence of the handful of men 
who designed the mechanism by which the 
.guns of the B-29 are layed. 

Keports of the Savo Island battle, which 
ended the Guadalcanal campaign, and of the 
recent battle of Surigao Strait have stressed 
the fact that these naval battles were fought 
at night with the use of “ultramodern” fire 
control equipment. How can one measure 
the strategic advantage of equipment which 
yields its users such complete certainty and 
accuracy in the dead of night that the enemy 
can be mortally wounded before he is rightly 
aware of the beginning of the battle? In 
both these battles the enemy seems to have 
lost every vessel. Our own losses were light. 
Yet the number of men who designed and 
developed this equipment is so small that 
they could easily have been guests at the 
battle on one of the destroyers taking part, 
and no extra accommodations would have 
been needed. 

Hundreds of other cases could be cited; a 
host of other things have made our war effort 
most effective and least costly in lives. Much 
could be said of the brilliant work in discov¬ 
ering and producing new drugs and pharma¬ 
ceuticals, in communications equipment, in 
photographic materials. Great work has 
been done in protective coatings and protec¬ 
tive treatment for materials. All these eases 
are examples of the products of research at 
the highest level, turned over to the genius 
of American industry for production in 
quantity. Only this prodigious technological 
capacity could have made it possible for our 
relatively small armies to fight with maxi¬ 
mum effectiveness on world separated fronts 
in relative comfort in contrast to former 
wars and with amazingly small casualty lists 
in comparison with the toll taken from our 
enemies. 

The fact of the matter is that the products 
of the American laboratory and factory have 
been so potent that a whole new complexion 
has been put on the concept of preparedness. 
It must now be recognized that prepared¬ 
ness means first of all an adequate industrial 
establishment, backed by superior research 


laboratories, ready to turn out the weapons 
and the equipment needed by war. In fact, 
war must indeed change its nature in some 
measure with each new scientific discovery. 

The great achievements in this war* of 
American technological know-how—which is 
after all nothing but applied science—would 
appear to any normal person to indicate that 
our scientific and technical skills are among 
our most prized possessions. It would seem 
to be a heritage of such precious value that 
the interests of the nation could be served 
only by its continued careful nurturing. II; 
a small handful of men can perfect a device 
whose potency can tip the scales decisively 
in any naval battle, it should be the concern 
of the nation to find out how more men can 
be trained to similar competence. I f a labo¬ 
ratory can contribute a remedy that will 
cut the disability due to sickness in a given 
theater of war by 50 per cent, one sees im¬ 
mediately that this laboratory has doubled 
the effectiveness of the forces in that theater. 
Why then should it not become of the utmost 
importance to place other men at work to 
extend this knowledge? Why should it not 
be of major importance to safeguard the 
future supply of men with this scientific 
training? The answers seem obvious. 

It is now worth while to examine the rec¬ 
ord to see whether our policies have been in¬ 
telligent. Have we in fact safeguarded our 
supply of men trained to carry on in the tech¬ 
nological field? Have we in fact guarded 
our scientific and engineering pre-eminence? 
The answer is, unfortunately, “no.” We 
have not only failed to safeguard our supply 
but we have actually followed policies whose 
effects must be to weaken our technology for 
years. Our policies have actually scorned to 
class this type of training with the most dis¬ 
posable elements among our institutions, to 
be cast overboard when the decks were 
cleared for action. Technological training 
has all but ceased in our colleges and uni¬ 
versities. Selective Service has steadily 
drawn from the available supply of men 
already trained. And in the services many 
highly trained men are going to seed for want 
of continuous use of their training. 

The training of men in the fields of science 
and engineering, as well as in other fields, 
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has largely stopped. What training is now 
carried on is of a sporadic and desultory 
character, depending on whether enough stu¬ 
dents are at hand for a course or whether a 
competent professor in the field is available. 
In one large university where a world-famous 
teacher in chemistry was wont to work with 
classes of one hundred graduate students in 
his specialty, there are now four, including 
two who are 4-F in the draft. We are com¬ 
mitted to a policy of getting along with our 
present stock pde of trained personnel in 
the technical branches, even though that stock 
pile comprises a very perishable commodity. 

This condition is due not so much to a 
faulty decision of policy-making individuals 
as to their failure to work out a policy. Com¬ 
petent people have not come together to work 
out a policy for the conservation of techno¬ 
logical personnel to be implemented by law. 
There has been no lack of statements on the 
part of competent and informed leaders to 
show the effects of the present tenuous policy, 
but the creation of a new basic policy which 
would thereafter be determinative of subse¬ 
quent action has not occurred. Conspicu¬ 
ously absent has been a clear-cut statement 
by highest authority that a highly technologi¬ 
cal type of warfare requires highly skilled 
specialists in civilian roles, that specialists of 
this type should be disposable for war pur¬ 
poses by a much more discriminating proce¬ 
dure than that of Selective Service. 

As long as public opinion rates the man in 
uniform as performing a greater service than 
the civilian, and as long as the individual 
must take part by tacit consent in a request 
to defer his military service, the individual 
is not in a sound position. American feeling 
does not take kindly a man’s implication that 
he is too valuable to fight, and no man should 
be asked to acquiesce to a request for his 
deferment as the only way the nation may 
retain his important services. 

In the absence of a basic policy the in¬ 
evitable result was that the local boards, who 
made the primary decisions in each indi¬ 
vidual case, were the source of determinative 
opinion. In general the Selective Service 
System and local boards have done a mar¬ 
velous job. Their devotion and true demo¬ 
cratic approach have been outstanding. But 
in dealing with highly specialized personnel, 


requiring expert opinion, they were naturally 
not in possession of the background for cor¬ 
rect consideration. The dead level of local 
board opinion and attitude was therefore 
determined largely by local considerations 
and has prevailed in determining the final 
effective national policy. 

This national policy has therefore never 
been decided upon but has merely emerged 
as the statistical average of innumerable de¬ 
cisions with regard to individual registrants 
made by persons who could not possibly have 
been in possession of the necessary back¬ 
ground to determine the demands of intricate 
modern technological processes. 

The training of American scientists and 
engineers was accordingly doomed to disin¬ 
tegration from the first. Even in the early 
part of the war, when officially the students 
were permitted to remain in their courses, 
many were driven by social pressure to 
enter the services. The classrooms gradually 
emptied. When in the spring of 1944 the 
Selective Service system reduced to 10,000 
the number of deferments permitted to stu¬ 
dents, it was discovered that far fewer than 
this number were left. Finally, in June of 
1944, these deferments were cut off, and 
American universities and colleges settled 
clown to await the peace before again going 
about the business of training scientists and 
engineers. 

At the same time and for the same reasons 
the supply of active scientists and engineers 
has steadily dwindled. To be available for 
civilian work in the war effort, a registrant 
must be deferred. The great omission has 
been the failure of competent authority to 
attempt to determine the magnitude of the 
job to be done by industry and the labora¬ 
tories and to allocate the available techni¬ 
cally qualified personnel between these ac¬ 
tivities and the needs for the same kind of 
personnel by the services. Instead the dis¬ 
posal of each registrant has followed a 
familiar pattern. First* he has been subject 
to a constant social pressure to don a uni¬ 
form. If he has withstood this pressure, he 
has had to acquiesce in a request for defer¬ 
ment, repeated each six months and atten¬ 
dant with much red tape and formality. 
Endorsements by many individuals and 
agencies have been necessary semiannually, 
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involving in many cases liours of precious 
time on the part of valuable people. If in 
this long chain of events any link becomes 
temporarily fouled, the registrant is swept 
into the services. Thus the competence of 
industry and of scientific laboratories has 
been subject to a regular process of attrition. 
As a result, industry in many cases is capable 
now of only routine production of standard¬ 
ized items. The power and resiliency of the 
early days of the war when industry was 
staffed to meet new problems with brisk com¬ 
petence and confidence and to turn out amaz¬ 
ingly effective new types of equipment in 
short order are no longer up to par. 

Finally, the utilization by the services of 
specialized personnel within its ranks has 
left much to be desired. The general prob¬ 
lem of classifying military personnel has 
been handled in this war in a manner much 
superior to that of the last war. But even 
the best of mass-handling techniques must 
break down when applied to small numbers 
of persons of highly specialized training. 
For this type of personnel, especially when 
severe shortages exist, a much more indi¬ 
vidualized type of procurement and assign¬ 
ment is necessary, and this should be done by 
those intimately familiar with the profession. 
Add to this the fact that even in a highly 
technological war the need for high grade 
scientific personnel is confined mostly to 
the research, development, and production 
phases of the war. The active services deal 
only with the finished product that more 
particularly needs maintenance personnel. 
It has been inevitable, therefore, that much 
of the scientific talent inducted into the ser¬ 
vices has been wasted. The Truman Commit¬ 
tee of the Senate conducted a survey whose 
results have only been partly released, but 
these results indicate that about 90 per cent 
of the cases investigated by them showed 
partial or total waste of valuable training. 
It may be that this figure is unduly large, 
but no one who has dealt with high grade 
personnel can help knowing that many, many 
cases of poor utilization of such personnel 
are continually occurring. 

What evidence exists as to the effect of 
our lack of sound policy on our stock pile of 
trained manpower? 


As an example of the kind of existing 
information, Figure 1 shows the number of 
doctoral degrees granted in American uni¬ 
versities in the field of physics from 1913 to 
the present time. The first and most striking 
feature of this graph is the enormous rise in 
American competence in this field. This 
competence has, however, no more than kept 
pace with the demands of American industry 
for highly trained men. American business 
men found that the pace of development was 
such that only by the utilization of funda¬ 
mental research could they expand as they 
deemed necessary. The fact that highly 
trained personnel in this and other fields was 
available to this extent was responsible for 
the enormous resourcefulness of American 
industry when confronted by the demands 
of war. 

The rising trend shown on the graph is 
extrapolated on the assumption that it would 
not have changed had not the war interfered 
with training of men at this high level. One 
might also say that the trend measures the 
demand from industry and other activities 
for persons trained to this level. In reality 
this latter interpretation seems better to re¬ 
flect actuality since every indication points 
to an unprecedented demand for persons of 
high competence in, this field after the war, 

The effect of the first World War is clearly 
indicated. It may be said in passing that 
the loss in national competence resulting 
from the granting of fewer degrees during 
the war years does not seem to have been 
counterbalanced by additional degrees 
granted later. The loss was not regained. 

The downward trend in the curve follow¬ 
ing the outbreak of the present war is very 
sharp. The points on the curve are known 
through 1944. Only an estimate of the de¬ 
grees likely to be granted in 1945 can be 
made, but some information is at hand on 
which to make a guess. Over the next two 
years it is known that the numbers may be 
very small. Recovery beyond that time is 
determined by a number of factors, all de¬ 
pendent on the length of the war. It is per¬ 
fectly clear that no significant amount of 
graduate training is likely to be given before 
the end of hostilities in the Asiatic theater, 
unless present policies are altered. Those 
persons now doing scientific research for war 
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purposes will therefore either keep on with 
their work or enter the services. The re¬ 
turned veterans who elect advanced training 
in the sciences are expected to be so few as 


not greatly to affect the picture, because 
highly trained persons usually are assigned 
to important functions in the services 
whether utilizing former training or not. 



FIG. 2. NUMBER OF DOCTORAL DEGREES GRANTED IN MATHEMATICS SINCE 1913 
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EIG. 3. NUMBER OE DOCTORAL DEGREES GRANTED IN GEOLOGY SINCE 1913 


They are therefore in key positions and are 
not likely to be among the first demobilized. 
A study of the first eases of demobilized per¬ 
sonnel bears this out. 


Only after full-scale demobilization and 
restoration of normal university and college 
activity will significant numbers of persons 
begin to return to the graduate schools in 
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the sciences. It means that a full return to 
the trend shown in the curve must await the 
time when the first undisturbed classes can 
finish a normal four-year course in college 
and a normal career of graduate study. It is 
even questionable whether full recovery is 
possible. Therefore the suggested curve of 
recovery, promising a return to normal train¬ 
ing by 1955, is probably conservative. 

The graph of mathematics degrees (Fig. 
2) agrees substantially with the graph for 
physics degrees in its shape and in the size 
of the deficit to be expected. 

The case of geology (Fig. 3) is interesting 
in that it illustrates the effect of a sudden 
demand for the services of a scientific group. 
It has been pointed out by well-informed 
geologists that the break in the curve may 
represent the fact that attractive salaries for 
men with substantial training below the doc¬ 
toral level were available in the thirties and 
that the resulting defection from the ranks of 
graduate students reduced the ultimate num¬ 
ber who went on to receive the highest de¬ 
gree. 

The case of chemistry (Fig. 4) is note¬ 
worthy in that the number of degrees shown 


for 1942-1944 are much in excess of those 
for other sciences, even on a percentage basis. 
The present indication, as seen by leading 
chemists who have been interested in the per¬ 
sonnel problem, is, however, that the number 
of doctoral degrees granted in chemistry in 
the year 1944-45 will be of the order of one- 
third of the number granted in 1943-44. 
Thus the future deficit in chemistry doctor¬ 
ates will assume about the same proportions 
as those in the other fields. 

The data for engineering (Fig. 5) 1 are less 
clearly interpretable in view of the recency 
of the practice of granting doctorates in this 
field and in view of the small numbers of 
degrees granted since 1913. The trend is, 
however, the same. It should he pointed out 
that the rapid increase in complexity of engi¬ 
neering problems will no doubt create a cor¬ 
responding demand for a corps of men 
trained to higher levels. 

i The data for this and the foregoing graphs were 
obtained from the National Besearch Council and 
Edward A. Henry. The total number of doctoral 
degrees granted in each of the five subjects from 1913 
to 1940 was as follows: physics, 2,257; mathematics, 
1,374; geology, 1,010; chemistry, 7,859; and engi¬ 
neering, 781. 
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Year of Graduation 

Reproduced hy permission, from Chemical Metallurgical Engineering, March tOH 
FIG. 6. YEARLY SUPPLY AND DISTEIBUTION OF CHEMICAL ENGINEERING GRADUATES 


Accurate information of a similar nature One can draw certain conclusions from 
for the B.S. and M.S. levels is being as- these graphs, although admittedly tentative, 
sembled, but with greater difficulty. A The shape of things to come is determined 
graph (Fig. 6) of the situation in chemical by many factors, some of them predictable, 
engineering is shown as an illustration of the some not. Within our own country the pace 
fact that corresponding deficits will probably of technological development is profoundly 
exist at all levels. This should he borne in influenced by economic factors as well as by 
mind when contemplating rates of recovery, educational and technical resources of men 
This curve represents the best judgment of and facilities. But foreign influences as well 
the editors of Chemical and Metallurgical are very important. We do not know what 
Engineering , in which publication it ap- international relationships in trade and in 
peared (March 1944). politics will develop nor how profoundly 
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these may stimulate or retard our domestic 
progress. We do not know whether we are 
approaching a stagnating depression or a 
feverish period of frenzied activity. But in 
spite of basic uncertainties one can attempt 
to extrapolate the past into the immediate 
future in the light of discernible tendencies 
and trends and estimate in a rough way the 
extent of the problems confronting us. The 
data shown heretofore in this paper indicate 
that a heavy deficit of scientific personnel is 
to be expected at the leadership level. We 
shall now show evidence that there will be an 
unprecedented dependence on technological 
research and development in the immediate 
postwar years for military and civilian pur¬ 
poses. These are two divergent trends, the 
resolution of which may be a major post¬ 
war problem. 

It is worth while to pause to point out that 
the nature of technological advance is like 
the expansion of a sphere, where a small 
change in radius produces a vastly greater 
increase in surface area. A new discovery 
may be the work of a relatively small number 
of scientists. But the full exploitation of 
this discovery may require many, many spe¬ 
cialists of all kinds. It is not enough to 
understand the basic principle of the new 
discovery; there must be a full investigation 
of its every relationship, sometimes involving 
the work of diverse scientific skills, including 
not only mathematics and the physical sci¬ 
ences but perhaps also the biological sciences. 
The further reduction to manufacturing 
practice again involves ever larger numbers 
of specialists and ever more diverse types of 
training. 

The first necessity for an expanding tech¬ 
nology is therefore a steady flow of trained 
personnel. This flow must be at all levels, 
including the doctoral level, for modern in¬ 
dustry is more and more dependent on the 
creative efforts of the research scientists. In 
fact it is becoming more and more evident 
that the future of the great American indus¬ 
trial establishment is to be peculiarly depen¬ 
dent on the fruitfulness of the fundamental 
science laboratory. Kecognizing this, Dr. 
James B. Conant, President of Harvard Uni¬ 
versity, said recently: 

To this end we must see to it that as far as hu¬ 


manly possible all the potential talent of the country 
in all these manifold activities is recognized at an 
early age and given adequate educational opportu¬ 
nity. Stepping out of my role as a chemist for a 
moment and speaking as an educator, this means a 
vastly increased support of public education—Federal 
funds administered through the States—and a much 
fairer distribution of educational opportunities at the 
college level. But I will remind you that in every 
section of the entire area where the word 1 science } 
may properly be applied, the limiting factor is a 
human one. We shall have rapid or slow advance in 
this direction or in that depending on the number of 
really first-class men who are engaged in the work in 
question. If I have learned anything from my ex¬ 
perience in Washington as Chairman of the National 
Defense Research Committee, it is that ten second- 
rate men are no substitute for one first-class man. 

Even the regular pace of technological de¬ 
velopment, totally aside from any war-begot¬ 
ten development, would have required an 
ever-increasing flow of trained personnel at 
all levels, particularly at the higher levels. 
In addition, however, certain recent develop¬ 
ments, including war-born developments, em¬ 
phasize a dependence on our technological 
resources in the future. 

One of these developments is the fear that 
because of their research facilities large busi¬ 
nesses are likely to monopolize more and more 
the whole field of American industry. It is 
felt that small businesses cannot possibly 
compete without constant research and can¬ 
not afford to carry on research themselves. 
This often-spoken thought has led to a num¬ 
ber of suggestions by certain Congressmen 
and by some Federal officials. Their sugges¬ 
tions generally involve either federally sub¬ 
sidized research for the benefit of small 
business or a method of disseminating latest 
information emanating from other sources. 
It will be noted that this presupposes an 
available supply of scientific manpower to 
carry out this function. 

Large industry has shown every evidence 
of wishing to expand its research and devel¬ 
opment activities. This is due partly to the 
sharply increased competition expected after 
the war and partly to the tremendous accu¬ 
mulation of information growing out of war 
research and waiting to he exploited for the 
benefit of the public in the form of new 
devices. This backlog of unexploited techni¬ 
cal experience will no doubt take years to 
develop completely for the uses of consum- 
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ers, since development will have to wait on 
consumer demand, but it seems quite safe to 
predict that a large volume of tins type of 
research and development will be carried on 
at once after the war if competent scientific 
and technical men can be found to do the 
work. Again the demand on scientific man¬ 
power will be great. 

As an example of what large industries 
expect, Harry L. Derby, President of Ameri¬ 
can Oyanamid and Chemical Corporation, 
recently said; 

I am confident that research in industry has not 
reached the ultimate in its scope and importance. 
According to figures compiled by the National Be- 
seareh Council, in 1920 about 300 industrial com¬ 
panies in this country employed 9,300 persons in re¬ 
search. By 1930 these numbers had grown to 1,625 
establishments with personnel of 34,200. By 1940 
the figures were 2,350 establishments and personnel 
of over 70,000. In other words, in 20 years there 
was more than a sevenfold growth in the number of 
people employed by American industry in research. 
Expenditures by industrial firms for this purpose 
have been estimated to be about $300,000,000 a year. 
The future outlook, I believe, is for this trend to 
continue and for research to occupy a still larger 
place in the plans of industrial management and to 
exert still greater influence on our economic life. 

Claude E. Williams, Director of Battelle 
Memorial Institute, emphasized what this 
would mean in the way of well-trained re¬ 
search men when he said recently: 

In the intensified research program to follow the 
war, our most precious and critical resource will bo 
well-trained research men. Our universities will do 
well to intensify and broaden their programs to in¬ 
clude the training of men for research. Industry will 
do well to assist by the financial support of these pro¬ 
grams. In this most essential activity, however, it is 
important that we do not lose sight of the product 
being sought—namely, trained research men. 

The late president of the American Chemi¬ 
cal Society, Thomas Midgley, Jr., squarely 
pointed out the basic weakness to be expected 
when he said shortly before he died: 

It is doubtful if their number [meaning available 
research scientists] is much more than will be needed 
for replacement. Consequently, it is difficult to vis¬ 
ualize any sizable expansion until our supply of sci¬ 
entifically trained personnel can be increased through 
the normal process of education. This will require at 
least a few years after the war ends ,* probably three 
or four. 

Some of the more pressing demands will 
he those of the services for continued research 
in new weapons. Several of the large naval 


research laboratories plan to continue with 
unabated effort after the war. The Army 
plans are not so well crystallized, but certain 
it is that never again will the American mili¬ 
tary establishment be permitted to fall so far 
behind in the matter of effective equipment. 
To this end a Federal military research or¬ 
ganization under civilian direction is now 
being considered. It is likely that necessary 
arrangements will soon be completed. If 
this agency succeeds in securing the services 
of the necessary numbers of high grade re¬ 
search scientists, they will represent a sig¬ 
nificant part of the present supply. Again 
scientific manpower is needed. In comment¬ 
ing on research for war purposes, Assistant 
Secretary of War Patterson recently said: 

While the arguments for the creation of the now 
agency are impressive, I do not believe that such an 
agency would fully solve our problem, for the problem 
is essentially one of men and women, not of organ¬ 
izations. We must have sincere and spontaneous in¬ 
terest in research pointed to national security, and 
this does not grow out of organizations and subsidies 
alone, however important these may be. Nor will it 
be possible in the government laboratories that will 
bo continued in peace to carry through all the re¬ 
search in ordnance, aviation, radar, rockets, and now 
weapons, in the many specialized nutritional, physio¬ 
logical, and other fields which, underlie the waging of 
modern total war. The research facilities and the 
scientific manpower prerequisite to those activities 
will simply not; be available to the Government in 
sufficient degree. No acts of Congress or of the 
Executive Branch of our Federal Government can 
alone meet this deficiency. At almost every point of 
maintaining the technological strength, of our armed 
forces—whatever mechanism wo devise to achieve this 
end—wo shall have to turn to the research labora¬ 
tories and the research workers of industry and the 
universities to fulfill our needs. To some extent, as 
I mentioned at the outset, our task is made easier-— 
paradoxically, I may say—because modern war is 
total war. In other words, much of the research 
earriod on by industry and universities to meet the 
needs of peace will meet the needs of war if this 
tragedy should bo thrust upon us again. In the field 
of chemicals, rubber, synthetic gas, electrical instru¬ 
ments, engineering products, medicines, light and 
heavy metals, and food products, research for peace 
is research for national security. Also in the case of 
certain end products of purely military use, the inter¬ 
mediary products may be suitable for civilian con¬ 
sumption. 

As a further expression of the thinking of 
the War Department, Mr. Patterson said: 

Besearch and development devoted to the weap¬ 
ons, tools, and techniques of war present us with a 
tough problem. Such research will not go on to the 
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extent required for our national security unless sup¬ 
port, guidance, even control, emanate from central 
mechanisms. The War Department has grown in¬ 
creasingly aware of the need of research and devel¬ 
opment in connection with new weapons. In partial 
response to that need there was created within the 
War Department, more than a year ago, the New 
Developments Division. This division is charged 
with functions relating to the initiation and co¬ 
ordination of research and development and the 
expeditious application of new weapons, devices, and 
techniques. It has proved its usefulness and will, I 
hope, continue to do so in increasing measure. Its 
working relationship with the two scientific agencies 
to which we all owe so much—the National Research 
Council and the Office of Scientific Research and De¬ 
velopment—has at all times been close and effective. 
I realize that this division marks only the beginning 
on the road to our goal. Eor in every one of its 
activities, after the war as now, the War Department 
must train its men, shape its plans and its actions 
to reflect the most recent advances of science. It 
must not lose sight of the fact that significant dis¬ 
coveries and inventions are usually the matured prod¬ 
ucts of years of thought and experiment, with in¬ 
numerable disappointments and failures along the 
way. There is no four-lane highway to scientific 
achievement \ a bulldozer is needed every inch of 
the way. 

Foreign governments are alive to tlie neces¬ 
sity of becoming self-sufficient scientifically 
and technically. There is now every evidence 
that America will be deluged with a flood of 
foreign students seeking the best training 
possible in American universities, colleges, 
and institutes of technology. The premoni¬ 
tory waves of that flood are already upon us. 
It is also possible that America will be 
urgently importuned to export some of its 
highest-grade personnel in the technical 
fields for the scientific and technical rehabili¬ 
tation of the world. All of this will be a 
further drain on our stock pile of trained 
technologists. 

But perhaps the most challenging thought 
is the fact that an expanding economy needs 
technologists to produce the expansion. "We 
have been told that ours is a growing econ¬ 
omy, that our geographic frontiers have 
given way to technological frontiers, and that 
discovery and invention will contrive new 
horizons for American industry. Thus, the 
constantly unfolding economy will provide 
jobs and prosperity for all. 


As a concrete example of this thinking we 
may quote from a letter of November 20, 
1944, from the President of the United States 
to Dr. Vannevar Bush, Director, Office of 
Scientific Research and Development. He 
asks in part: 

Wbat can be done, consistent witli military secur¬ 
ity, and with the prior approval of tlie military 
authorities, to make known to the world as soon as 
possible the contributions which have been made dur¬ 
ing our war effort to scientific knowledge ? The dif¬ 
fusion of such knowledge should help us stimulate 
new enterprises, provide jobs for our returning ser¬ 
vicemen and other workers, and make possible great 
strides for the improvement of the national well¬ 
being. 

If this constant technological expansion is 
necessary for continued prosperity, and if 
a steady flow of new technically trained per¬ 
sons is needed to carry on the technological 
expansion, the full danger of our policy of 
curtailed training becomes apparent. The 
present supply of technically trained persons 
will apparently be so busy keeping up the 
status quo that the necessary tempo of new 
development may not be possible. 

These considerations should mean to sci¬ 
ence teachers a special awareness of the need 
for the highest devotion in the teaching of 
sound, solid work in the sciences at the be¬ 
ginning levels. We need an enhanced flow of 
capable men into the advanced levels of 
scientific and engineering instruction. It is 
in the interests of the nation as a whole that 
a flow of capable, sincere students in the 
sciences return as soon as possible to the 
regular training courses in the universities 
and the graduate schools. 

At the very best, it seems to me that we 
face a period during which the demands of 
a war-stimulated technology will not be met 
by an adequate supply of scientists and engi¬ 
neers trained to the necessary level of com¬ 
petence. National security, both from the 
military and industrial point of view, will 
demand many more people than we have 
trained, largely because of our lack of sen¬ 
sible policy during the war. We can only 
be aware of this situation, put our shoulders 
again to the wheel, and carry on. 



THE NATURE OF VIRUSES 

By P. C. BAWDEN 


The scientific study of viruses dates from 
1892, when their existence was demonstrated 
by a simple experiment made by the Russian 
botanist Ivanovski. He took juice from 
tobacco plants suffering from mosaic (a dis¬ 
ease found wherever tobacco is grown) and 
passed it through a filter that stopped all 
microscopic bacteria. Nothing could be seen 
when the filtrate was examined under the 
microscope, and nothing grew in the filtrate 
when it was stored; yet healthy tobacco 
plants developed mosaic disease when rubbed 
with this seemingly sterile fluid. 

As so often happens with momentous dis¬ 
coveries, no one was particularly impressed 
at the time. Rut four years later foot-and- 
mouth disease of cattle was found also to be 
caused by an invisible entity, and the potenti¬ 
alities of this new type of pathogen became 
apparent. The next forty years saw a rapid 
increase in the number of recognized virus 
diseases, which were found to include some 
of the most infectious and devastating kinds, 
and the viruses soon began to rank equal in 
their economic importance to fungi and bac¬ 
teria. 

During this time, however, the viruses 
themselves remained elusive entities, subjects 
of continual speculation but of unknown 
nature. They were generally assumed to be 
the smallest type of living organism, essen- 
tially similar to small bacteria, and the few 
opposers of this view had no facts to support 
their alternative suggestions. The study of 
viruses was therefore left mainly to patholo¬ 
gists; their work greatly increased the orbit 
of knowledge of many aspects of virus dis¬ 
eases, but their cultural and microscopic tech¬ 
niques were clearly ill-adapted for establish¬ 
ing the identity of agents whose two charac¬ 
teristic properties were invisibility and ina¬ 
bility to multiply except in susceptible living 
organisms. 

Within the past decade the study of 
viruses in both Britain and the United States 
has attracted workers from widely different 
fields, who have brought new techniques to 


the subject and revolutionized our views. 
The first direct information about virus 
particles came from photographs of some 
animal viruses taken with a special micro¬ 
scope built at Britain’s National Institute of 
Medical Research. The factor limiting the 
useful magnification of ordinary microscopes 
is the wave length of visible light; the new 
microscope had quartz lenses and worked 
with ultraviolet light, which has a shorter 
wave length than visible light and so permits 
the resolution of smaller particles. Photo¬ 
graphs were made of several animal viruses, 
each of which was found to have approxi¬ 
mately spherical particles of uniform size, 
while different viruses were found to have 
particles of different sizes. The use of ultra¬ 
violet extended the range of microscopy from 
particles with diameters of about 200 mp 
clown to those with diameters of about 100 
mg, but many viruses proved to be smaller 
than this and beyond the resolving power of 
this method. 

Nothing in the ultraviolet photographs 
suggested that virus particles differed in any 
significant way from small bacteria, but the 
next advances, made with, plant viruses, did. 
At the Rockefeller Institute, Princeton, N. J,, 
the claim was made that tobacco mosaic virus 
had been obtained in the form of a crystal¬ 
line protein. The methods used were those 
previously successful in the isolation of 
enzymes. The fact that tobacco plants suf¬ 
fering from mosaic disease contained a spe¬ 
cific protein was soon confirmed by workers 
at Rothamsted Experimental Station and 
Cambridge University, England. They 
showed, however, that the protein was not a 
globulin as previously claimed, but rather 
a nueieoprotein, and that the needles formed 
when it was precipitated with acid and salt 
lacked the three-dimensional regularity of 
true crystals. Instead, they were liquid 
crystals of a type not previously discovered, 
though recognized as theoretically possible. 

Solutions of the protein were highly infec¬ 
tive—0.000,1 microgram being enough to 
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cause infection when inoculated to a tobacco 
plant—and no such proteins could be found 
in healthy plants. It seemed likely that this 
protein, whose properties showed that its 
particles were larger than any protein previ¬ 
ously studied, was the virus itself. Later 
work has supported this view, and the posi¬ 
tion of plant viruses as the smallest organ¬ 
isms is becoming increasingly insecure, while 
they move to a new home as the largest 
known proteins. 

The study of purified tobacco mosaic virus 
proved of interest in fields normally re¬ 
garded as far removed from pathology, for 
it possesses many unusual properties. The 
most striking include the ability of solutions 
to separate into two liquid layers, the upper 
being more opalescent though also more di¬ 
lute than the lower, and the intense satinlike 
sheen they show when shaken. These proper¬ 
ties are characteristic of rodlike particles. 
In the more concentrated lower layer these 
rods are spontaneously orientated, so that the 
whole fluid behaves like a crystal and is 
doubly refractive when viewed in polarized 
light. The rodlike particles in the more 
dilute upper layer are not spontaneously 
orientated, but their presence is easily de¬ 
tected by gently shaking the fluids in polar¬ 
ized light. For the rods are then orientated 
along the flow lines to form regions that 
become doubly refractive; solutions of to¬ 
bacco mosaic virus show this phenomenon 
much more strongly than any other sub¬ 
stance, and they may prove of value in 
hydrodynamics for studying flow movements. 

There are well-established theories for 
calculating the sizes of dissolved particles 
from measurements on the physical proper¬ 
ties of solutions. These theories had been 
used in previous attempts to assess the size 
of particles of tobacco mosaic virus. The dis¬ 
covery that the virus had rodlike particles, 
and that its solutions showed anomalous dif¬ 
fusion and viscosity, invalidated these esti¬ 
mates, and new methods had to be tried. The 
most interesting was the application of X-ray 
analysis, which was possible because of the 
crystallike structure of tobacco mosaic virus 
preparations. A special X-ray camera was 
designed at the Cavendish Laboratory, Cam¬ 
bridge, England, capable of measuring spac- 


ings much larger than those previously used 
by the method. 

X-ray measurements made on dried virus 
and on solutions of varying concentrations 
disclosed many interesting features. First, 
they revealed a previously unsuspected regu¬ 
larity in the structure of solutions by show¬ 
ing that the virus particles were always equi¬ 
distant from one another and arranged so as 
to fill the available space as uniformly as pos¬ 
sible. Secondly, they showed that the actual 
constituent units making up the virus were 
arranged with a perfect regularity. Thus, 
in effect, the virus was doubly crystalline, 
for not only can the particles arrange them¬ 
selves regularly to give visible liquid crystals, 
but also the submicroscopic particles them¬ 
selves resemble minute crystals. Thirdly, 
the measurements gave the width of the 
particles as 15 mp; they failed to give the 
length, but showed that it was at least ten 
times greater than the width. 

Evidence from various sources led the 
workers in Britain to conclude that the 
greatly elongated particles characteristic of 
the purified virus preparations were formed 
by the end-to-end aggregation of smaller 
particles, and that the particles, as formed 
in the plant, were probably much shorter. 
This view was contested by other investi¬ 
gators, but it has now been confirmed by 
pictures taken with the newly developed 
electron microscope. This machine can be 
considered in basic principles as analogous 
to an ordinary microscope, but the light 
source and solid glass lenses are replaced by 
an electron source and magnetic field lenses, 
respectively. The wave length of an electron 
stream is many thousand times shorter than 
that of visible light and, in theory, should be 
capable of resolving particles of atomic di¬ 
mensions. At the present stage of develop¬ 
ment of the lenses, however, spherical parti¬ 
cles of diameter less than 20 mjj are resolved 
with difficulty. This is sufficient to cover the 
gap between measurements possible by X-ray 
analysis and the ultraviolet microscope and 
to resolve tobacco mosaic virus. 

Unfortunately, material can be examined 
only in the form of thin, dried films, and in 
preparing specimens of biological subjects 
for examination there are clearly opportuni- 
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ties for changes to occur. Nevertheless, 
photographs taken at Rothamsted clearly 
show that tobacco mosaic virus occurs in 
particles of constant width but of widely 
different lengths and that the average length 
of the particles depends on the previous 
treatment of the preparation. How long the 
smallest particles are, still remains to be dis¬ 
covered, but they are clearly much shorter 
than the isolated particles that form liquid 
crystalline solutions. 

It was soon established that tobacco mosaic 
virus is not unique in being an infectious 
protein. In rapid succession five other plant 
viruses, affecting tomato, cucumber, potato, 
and Hyoscyamus, were isolated. Some of 
these had properties very different from to¬ 
bacco mosaic viruses, but all were found to 
be nucleoproteins with analytical composi¬ 
tions resembling that of tobacco mosaic virus• 
they all, also, had elongated particles and 
formed liquid crystals. 

The next virus to be isolated at Rothamsted 
was that causing the bushy stunt disease of 
tomato, and this gave the first unequivocal 
virus crystals. It was again found to be a 
nucleoprotein, but it differed from those pre¬ 
viously purified in containing three times as 
much nucleic acid. Its solutions showed no 
unusual optical properties or other anoma¬ 
lous physical behavior, for it has spherical 
particles. When precipitated with ammo¬ 
nium sulphate, it settled out of solution in 
the form of beautiful twelve-sided crystals 
(isotropic rhombic dodecahedra), sometimes 
large enough to see with the naked eye. 
X-ray measurements and studies of its phys¬ 
ical properties gave the diameter of its par- 
-tides as about 26 mg and its weight equiva¬ 


lent to a molecular weight of about 7,500,000. 
These figures have since been confirmed by 
electron microscopy. 

From plants suffering from tobacco necro¬ 
sis other specific nucleoproteins have re¬ 
cently been isolated. This disease seems to 
be caused by a number of viruses, all of which 
have spherical particles but which have dif¬ 
ferent sizes and crystallize in various forms. 
These have been obtained in the form of thin 
lozenge-shaped plates, as hexagonal prisms, 
dodecahedra, bipyramids, and thin round 
laminae. 

Thus, there is now almost incontrovertible 
evidence that many plant viruses are nuclco- 
proteins, so that, chemically, they are much 
less complex than any recognized organisms. 
Whether this is true of all viruses, and espe¬ 
cially of the larger ones with particles of 
diameters between 100 and 200 mp, must 
remain for future investigation to decide. 
These may prove to be more complex and to 
represent some intermediate form between 
proteins and bacteria. In spite of their 
chemical simplicity, however, even the small 
plant viruses have many features, such as 
the ability to multiply and mutate, usually 
regarded as characteristic of living organ¬ 
isms. 

Living or nonliving is a controversy that 
lias centered on viruses for many years, and 
it still continues. It has few immediate prac¬ 
tical bearings but always arouses great in¬ 
terest. The answer of the virus worker will 
probably depend on the medium in which he 
studies his viruses, for in the test tube their 
properties are those of protein molecules, 
whereas in the infected plant or animal their 
behavior is that of living organisms. 
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ALCOHOL EDUCATION .IN THE SCHOOLS* 

By ANNE ROE 


Alcohol education is required by law in 
all the elementary schools and in most of the 
high schools in the United States. It is in¬ 
cluded usually in elementary-school courses 
in health and hygiene, in high-school courses 
in health or biology, and occasionally in 
others. Some time ago I completed an analy¬ 
sis of alcohol education in elementary and 
high schools in the United States, the results 
of which were published in 1943 in the Quar¬ 
terly Journal of Studies on Alcohol . I 
should like here to summarize some of my 
findings and conclusions, particularly as they 
apply to three pertinent questions: What 
does present-day education in the effects of 
alcohol consist of, how did it get that way, 
and what can we do about it f 

Let me begin by giving a composite picture 
of what the textbooks most frequently in¬ 
clude on the subject. There is often a pre¬ 
liminary section devoted to industrial uses of 
alcohol, usually more indicative of the atti¬ 
tude back of this education than pertinent to 
the problems of alcohol as a beverage. The 
most commonly included single aspect is a 
discussion of the general subjective effects of 
alcohol. The usual statement is that alcohol 
chiefly affects the higher mental processes of 
reasoning, judgment, and so on, and that this 
effect is accompanied by such physical mani¬ 
festations as clumsiness and in-co-ordination. 
Remarks about the induced feelings of well¬ 
being, self-confidence, and relief from fatigue, 
all of which may occasionally be given as 
reasons why people drink, are usually accom¬ 
panied by statements to the general effect 
that these are false feelings, that one is not 
really less tired or more confident but only 
feels so. I will not comment here on the log¬ 
ical difficulties to which such statements must 
inevitably lead. 

There are a few texts which do not assume 
that any desire to be relieved, if only tem¬ 
porarily, from some of the pressures of life 

* From an address presented on June 20, 1944, at 
the Evening Institute on the Treatment and Preven¬ 
tion of Alcoholism, sponsored by the Besearch 
Council on Problems of Alcohol, New York City. 


is wholly reprehensible, and there are some 
which point out how to secure this end in 
other ways that do not have the reper¬ 
cussions of habitual recourse to alcohol. 
Many of the texts do distinguish in this 
part of the discussion between the effects of 
different amounts of alcohol, a distinction 
that from then on is usually lost sight of 
altogether. An amazing number of texts go 
into great detail about one or many of the 
studies of the effect of alcohol on such sen¬ 
sorimotor functions as typing and shooting. 
In no textbook have I seen such reports of 
analogous studies in other fields that the book 
covers, and I shall recur to this point later. 
(It may be remarked that a number of these 
studies are open to serious criticism on tech¬ 
nical grounds.) The implicit, if not explicit, 
inference is always drawn that since the ef¬ 
fects on sensorimotor performances are as 
stated, one should never drink. The drawing 
of conclusions not pertinent to the data is one 
of the most frequent errors in these books. 

The next most common inclusions in the 
textbooks consist of remarks on the imme¬ 
diate physiological effects of alcohol and the 
eventual effects on bodily structures and 
functions. These discussions are almost with¬ 
out exception vitiated by lack of qualifica¬ 
tions with regard to the amounts of alcohol 
concerned and by the persistence of incor¬ 
rect conceptions of physiology, which lead to 
serious misrepresentations. For example, 
many texts contain such incorrect statements 
as that alcohol damages body cells, destroys 
tissue, or removes water from the cells. Very 
few texts make the basic point that the effects 
of alcohol depend upon the amount absorbed 
into the blood; a number contain flatly in¬ 
correct statements on this phase. Some mat¬ 
ters—and their selection is in itself signifi¬ 
cant—are more often correctly stated than 
not, such as the fact that alcohol is absorbed 
directly into the blood stream and that this 
process takes place very rapidly. The dis¬ 
cussions of oxidation are generally correct 
but perfunctory. It is unfortunate that this 
is completely divorced from the discussion of 
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nutrition, which, is omitted altogether from 
many of the texts. Those that do discuss it 
often go into casuistical arguments to demon¬ 
strate that alcohol is not a food. It would 
be much better to show that it is an inap¬ 
propriate food, for it cannot be too greatly 
emphasized that good discussions of the nu¬ 
tritional aspects of the problem would clarify 
the situation with regard to the effects of 
alcohol on the body generally, and particu¬ 
larly with regard to alcoholic diseases. The 
discussions of the effects on bodily structures 
and functions are not only frequently flatly 
erroneous but in many instances are so 
permeated with misconceptions of physiology 
that they are even difficult to criticize. The 
effects of alcohol on disease resistance are 
more or less correctly reported except that 
it is rarely made clear that, so far as known, 
small amounts of alcohol do not impair disease 
resistance in general. In part as a conse¬ 
quence of the failure to discuss adequately 
the nutritional aspects, alcohol as a cause of 
disease, either physical or mental, is rarely 
correctly presented. 

It is generally correctly explained that 
alcohol is a depressant rather than a stimu¬ 
lant, but no attempt is made to explain the 
effects that give the appearance of stimula¬ 
tion. The habit-forming properties of alco¬ 
hol are almost invariably likened either di¬ 
rectly or by implication to those of narcotics, 
such as morphine or cocaine. This compari¬ 
son is physiologically incorrect and peda- 
gogically unnecessary. At our present state 
of knowledge, habituation to alcohol can 
be explained only as a psychological process. 
Most texts in health make a point of discuss¬ 
ing the psychology of habit formation in 
general; surely it should be easy to extend 
this to alcohol. References to other physical 
and psychological aspects of the problem are 
scattered, but of about the same quality as 
those that have been discussed. 

The social aspects of the alcohol problem 
receive relatively little attention, with one 
exception. That is the relation between alco¬ 
hol and traffic accidents. The majority of the 
texts that discuss this do a very good job of 
explaining why drinking may lead to in¬ 
creased traffic accidents. More emphasis 
might be placed, however, on the revocation 


of licenses for drunken driving, and certainly 
it would be well to include material on chem¬ 
ical tests for drunkenness and their value 
and use. The statements regarding alcohol 
and industry are generally acceptable, as are 
also those about the deleterious effect of ex¬ 
cessive drinking on home life. Statements 
regarding alcohol and crime are not always 
too well chosen. 

It was startling to find, as a rule, no dis¬ 
cussion of public responsibilities in the. mat¬ 
ter of education or control measures or care 
of alcoholics. An even more startling omis¬ 
sion is the failure of all but two texts to men¬ 
tion treatment for alcoholism. In most texts 
it is clearly implied that once an alcoholic, 
always an alcoholic. This is not only socially 
reprehensible but, I think, quite significant 
with regard to the motives back of this 
teaching. 

I have not attempted in this brief survey to 
cover more than the high lights of the actual 
content of present-day alcohol education. It 
is clear, I think, that our educational mate¬ 
rials are worse than inadequate. The ques¬ 
tion immediately arises as to how this has 
happened. Are misinformation and miscon¬ 
ceptions on this scale characteristic of in¬ 
struction in all fields of study, or is there a 
special problem in this particular field? In 
an effort to answer this fairly I submitted 
some of the texts in biology and general sci¬ 
ence to a leading scientist and asked his 
opinion of the material therein, lie did not 
make an extensive analysis but stated that 
there were a great number of errors, most of 
them minor ones, but not a few major ones. 
But the situation was by no means so bad as 
that in the alcohol material, although it was 
by no means so good as it might be, The rea¬ 
sons for the inaccuracies in our science text¬ 
books may be sought in the way in which these 
texts are produced. They are usually written 
by elementary- and secondary-school teachers 
who are not, themselves, scientists. The im¬ 
pression is clear that their sources are largely 
previously published general textbooks. Gen¬ 
eral textbooks, even on the college level, al¬ 
ways lag behind current knowledge, and it is 
obvious that the lag must become even greater 
in other textbooks and that with this system 
the perpetuation of errors from one genera- 
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tion of textbooks to another is inevitable. (It 
is, of course, true that even research scientists 
frequently perpetuate errors by failing to ex¬ 
amine original sources critically.) Further¬ 
more, it is often extremely difficult to avoid 
misstatement when very complicated concep¬ 
tions must be simplified for pedagogical pur¬ 
poses, but this factor I have taken into ac¬ 
count. In short, all our textbooks in science 
could do with careful critical examination; 
in my opinion textbook writers, publishers, 
and research scientists are all at fault in the 
matter, and perhaps the research scientists, 
who rarely seem to feel that it is an essential 
part of their function to make their findings 
easily available to society, are most at fault. 

But to revert to our specific problem. It 
appears that the situation in the field of alco¬ 
hol education is even more unsatisfactory 
than it is in education in general. The rea¬ 
sons for this are clear. If one knew nothing 
of the history of the movements that brought 
this teaching about, or had heard nothing of 
the laws that specifically single out this sub¬ 
ject for inclusion in all school curricula, one 
would still sense that some emotional factors 
were at work in this field. The evidence is 
in the material offered for instruction. The 
inclusion in a textbook in biology, for ex¬ 
ample, of a discussion of the merits of alcohol 
as a solvent for varnish is evidently moti¬ 
vated by a wish to demonstrate openminded¬ 
ness to the extent of willingness to admit that 
alcohol has some use in the world. Why go 
into great detail about the findings in various 
sensorimotor researches in this field and in 
no other, even where these would be equally 
pertinent, if not to give the illusion of scien¬ 
tific accuracy? Why omit all discussions of 
the possibility of treatment and cure of alco¬ 
holism? Why the constant omission of dif¬ 
ferences in effect with differences in amount 
ingested ? And finally, why are all the errors 
in the same direction? This cannot be acci¬ 
dental, though I do not mean to imply that 
there has been deliberate intent to mislead. 
I mean only that emotional factors are in¬ 
volved. It has happened in this instance be¬ 
cause by far the largest part of the source 
material used by the writers of these text¬ 
books has come not from scientific sources 
but, directly or indirectly, from lay groups 


with a specific interest. This has been so 
because, in the first place, the scientific mate¬ 
rial has been so disorganized and so contro¬ 
versial that wading through it and critically 
evaluating it would be an impossible task for 
the ordinary textbook writer; and, in the sec¬ 
ond place, because the publishers have gen¬ 
erally seen to it that the material included 
in their textbooks met with the approval of 
the interested lay organizations. Obviously 
the easiest thing to do has been to use mate¬ 
rial supplied by these organizations. That 
the publishers have relied so heavily upon 
these groups is simple realism on their part— 
it was these groups that brought about the 
legislation requiring alcohol education, and 
they alone manifest any particular concern 
over what is being taught. Further, the 
present claim of these organizations, which 
I am sure they sincerely believe, is that their 
material is “scientific, unemotional and peda¬ 
gogical/’ and this claim is widely accepted as 
true, partly because it is constantly reiter¬ 
ated and partly because of the discontinu¬ 
ance of the diseased-liver picture, horror- 
story type of material they put out earlier. 
Analysis of the material, even in this brief 
sketch, shows that the present teaching does 
not live up to the claim of being scientific and' 
unemotional, nor can it be reconciled with 
sound pedagogical principles. The teaching, 
as it is today, reflects anxiety that objective, 
scientific presentation of the subject might 
frustrate the aims tacitly incorporated in the 
statutes. 

What shall we do about it? Let us, in the 
first place, try to get a sense of proportion. 
The problem of alcohol has two chief aspects, 
social and personal. In educational work 
attention has been almost exclusively di¬ 
rected toward the latter aspect, and on a con¬ 
cealed moralistic basis. I believe that drink¬ 
ing is, in a sense, a moral issue, or rather that 
it is one aspect of a moral issue. But it is 
only one aspect, and very often a minor one, 
and nothing will ever be gained by treating 
it in itself as an isolated and specific moral 
problem. The issue is a much larger one. 
The primary responsibility placed upon 
every individual in our democratic society— 
as it is, I think, the ultimate moral issue for 
everyone—is the harmonious development of 
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his own personality, the reconciliation of his 
own internal conflicting drives, and his inte¬ 
gration into society. Alcohol may play any 
one of a number of roles in this problem; to 
focus our concern upon the specific act of 
drinking reveals only our own flight from 
the immensity of the real problem. "We need 
a new orientation and a much greater under¬ 
standing before any effective approach can 
be made from this angle. 

But in the meantime we have definite social 
problems of what to do about the alcohol 
addict and the chronic alcoholic. These are 
public-health problems; they exist on such a 
large scale that no private institutions or 
organizations can begin to cope with them. 
We have practically no public provisions for 
the treatment of alcoholics. We shall not get 
such public provisions until people are edu¬ 
cated to the necessity for them and to the 
possibilities they offer. The high-school stu¬ 


dents of today are the voters and legislators 
of tomorrow. Large public funds are needed 
to solve these problems, and when the public 
finds itself expending large sums yearly upon 
the treatment of alcohol addiction, it would 
not be surprising to find considerably more 
interest manifested in the cause of this ad¬ 
diction. 

Let me suggest, then, that we set up a dual 
aim in our education in this field. Let us in¬ 
vestigate, and help our students investigate, 
what immediate steps society can lake to care 
for and treat the alcoholics already in our 
midst. Let us also revise our education with 
regard to the more personal aspects of alco¬ 
hol by clearing away all the deadwood of in¬ 
accurate statements and misconceptions and 
by trying to see the problems of alcohol ad¬ 
diction as aspects of the mental ami emo¬ 
tional hygiene of the individual and of the 
society in which he lives. 


AJAX 

The long historic path of scientific thought 

Is strewn with wrecked hypotheses, brought low 
By inner flaws ; for truth survives the alum blow 
And lives to justify what man so dearly bought . 

Of slower growth the vital realm of common sense , 

The extra factual judge of value, hope and faith, 
Encumbered by taboo, by self ami thoughts of death 
And all the fancied world beyond experience . 

Demanding evidence for all the therapeutic claims 

Of doctor, witch or saint, of visions, drugs and glands, 
And honesty of heart for which no guile atones, 
The choice of worth from welter of conflicting aims 
A Trojan battle proves . Our valiant Ajax stands 
Foursquare to foes of truth as leader or alone . 

—J. G. Sinclair, November 1944. 
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THOMAS JEFFERSON AND AGRICULTURAL 

CHEMISTRY* 

By C. A. BROWNE 


The life of Thomas Jefferson, between the 
years 1743 and 1826, coincided with one of 
the most fruitful periods of man’s political 
and scientific development. Few eminent 
men have witnessed the birth of so many 
branches of modern science as he. Lavoisier, 
who established the principles of modern 
chemistry, and Hauy, who laid the founda¬ 
tions of modern crystallography and mineral¬ 
ogy, were born in the same year as Jefferson. 
Jussieu, whose work formed the basis of the 
modern system of classifying plants, was 
born only five years later than Jefferson. 
But Jefferson, although pre-eminently the 
leader in the revolution against political 
tyranny, was most conservative in his atti¬ 
tude toward the revolutions that were taking 
place about him in the world of science. He 
looked with a certain amount of misgiving 
upon the much-needed reforms that Lavoi¬ 
sier, Hauy, and Jussieu were accomplishing 
in their respective fields. 

In addition to the three men just named, a 
few other prominent scientists, who were 
born in the same decade as Jefferson, are 
deserving of mention. The great agricul¬ 
tural writer Arthur Young, three of whose 
works were in Jefferson’s library, was born 
in 1741. The celebrated botanical explorer 
Andre Michaux, with whom Jefferson was 
personally acquainted and whose Flora 
Boreali-Americana was in his library, was 
born in 1746. Jefferson’s friend and fellow 
signer of the Declaration of Independence 
Dr. Benjamin Rush, distinguished physician 
and first professor of chemistry in the Phila¬ 
delphia Medical College, was born in 1745. 
The Swiss scientists Horace Benedict de 
Saussure, the Alpine explorer, and Jean 
Senebier, the plant physiologist, both of 
whom Jefferson thought at one time of invit¬ 
ing to America, were born, respectively, in 
1740 and 1742. De Saussure was termed by 

* Paper prepared in connection with the program 
of the National Agricultural Jefferson Bicentenary 
Committee. 


Jefferson one of the best philosophers of his 
time. The English physician Dr. Edward 
Jenner, whose discovery of vaccination 
caused Jefferson to write to him 4 ‘ mankind 
can never forget that you have lived,” was 
bom in 1749. These are only a few of the 
scientific celebrities who were born in the 
same decade as Jefferson. If we should name 
all the eminent European and American men 
of science who were contemporaries of Jef¬ 
ferson at one period or another, the number 
would exceed one hundred. 

All students of Jefferson’s life are im¬ 
pressed by the fact that in the midst of the tur¬ 
bulent political events that so long engaged 
his chief attention he could not only keep 
well informed in chemistry, botany, zoology, 
geology, geography, meteorology, cartogra¬ 
phy, agriculture, and other sciences, but 
could become so well-grounded in some of 
these fields of knowledge that he helped 
promote their advancement by original con¬ 
tributions of his own. The career of only 
one other American statesman presents so 
many parallels of diverse activity—that of 
John Winthrop, the younger, first Governor 
of the Connecticut Colony, whose career, 
although a century and a half earlier, pre¬ 
sents a surprisingly large number of re¬ 
semblances with that of Jefferson. Both men 
were statesmen and governors; both were 
farmers, large land holders, and interested 
in the improvement of agriculture; both were 
practically acquainted with many branches 
of science; both were members of scientific 
societies, Winthrop of the early Royal So¬ 
ciety to which he contributed a paper on 
“The Culture and Use of Maize,” and Jef¬ 
ferson of the American Philosophical Society 
of which he was the third president and in 
which he initiated a research on the control 
of the Hessian fly; both complained that 
affairs of state interfered with the pursuit of 
science, which was their chief enjoyment; 
both had a wide acquaintance among the 
eminent scientists of their day with whom 
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they conducted an extensive correspondence, 
Winthrop with such celebrities as Boyle, 
Digby, Oldenburg, and Moray, and Jefferson 
with such notables as Franklin, Kittenhouse, 
Priestley, Wistar, Barton, and Humboldt; 
both collected the largest private libraries of 
scientific books of their time; both built up 
private museums of natural curiosities, some 
of which, as Winthrop’s specimen of colum- 
bite and Jefferson’s bones of the Megalonyx, 
have played a significant role in the history 
of American science; both were philanthro¬ 
pists, interested in the promotion of educa¬ 
tion and the public welfare; both left exten¬ 
sive collections of private letters that are 
most valuable sources of information to stu¬ 
dents of the history of American science. 
Still other parallels might be added to the 
list. 

Many conceptions of ancient and medieval 
agricultural science survived in Winthrop’s 
time, and some of them persisted down to, 
and even beyond, the period of Jefferson. 
One of these traditional beliefs was that all 
products of agriculture were composed of 
the four ancient elements—earth, water, air, 
and fire. Abnormalities in the proper bal¬ 
ance of these components were supposed to 
explain the sterility of soils and the diseases 
of plants and animals. Winthrop ’s friend 
Robert Boyle expressed his doubts about this 
conception of four elements in his Sceptical 
Chymist, but the idea was too deeply rooted 
to be easily overthrown. It continued to be 
expressed by many authors of books on hus¬ 
bandry in the eighteenth century as, for ex¬ 
ample, by that voluminous agricultural 
writer Richard Bradley in his Ten Practical 
Discourses Concerning Earth and Water, 
Eire and Air, as They Relate to the Growth 
of Plants, published in 1727. It was one of 
the books in Jefferson’s library at Monticcllo; 
its influence and that of other similar works 
upon Jefferson is indicated by a passage in 
his Notes on Virginia, written in 1782, where 
he states: “It is by the assistance of heat 
and moisture that vegetables are elaborated 
from the elements of earth, air, water, and 
fire.” Allusions to an elemental water, air, 
and fire did not completely disappear from 
agricultural literature until after Jefferson’s 
death, so it is not surprising that a few slight 


implications of those old doctrines should 
appear in his writings. 

Agricultural chemical reports to the Royal 
Society, similar to those made by Winthrop 
for New England, were made later for the 
Colony of Virginia by John Clayton, an 
English rector well trained in chemistry, who 
transmitted to the Society an account of the 
observations that he made during a residence 
in Virginia between 1684 and 1686. Clayton 
lived on a tobacco plantation, and the parts 
of his reports relating to the waters, soils, 
and fertilizer resources of early Virginia and 
the effect of different soils on the quality of 
tobacco give a graphic picture of tin*, theories 
and practices of agricultural chemistry that 
prevailed at that time. 

Chemistry, at the time of Jefferson’s birth, 
was just emerging from a long barren period 
of medieval superstition and scholastic specu¬ 
lation. Floods of books were still appearing 
on alchemy, astrology, and other pseudo¬ 
sciences with their references to the opera¬ 
tions of demons, salamanders, planetary 
emanations, and other occult influences, ft 
was the famous Dutch physician and chemist 
Hermann Boerhaave (1668-1788) who, in his 
Elementa Chemiae, rescued chemistry from 
these false guides and directed it into the 
true path of experimental research. He was 
one of the greatest figures in the transition 
period of chemistry, between the time of 
Winthrop and that of Jefferson, when old 
theories were being tested by the light of 
new knowledge, Boerhaave’s practical meth¬ 
ods of instruction attracted students from 
all parts of Europe, and his book, owing to 
its clarity and fullness of treatment, exer¬ 
cised through its numerous editions and 
translations a wide influence for over half a 
century. It appealed especially to those who 
were interested in the applications of chem¬ 
istry to agriculture. 

It was in 1744, the year after Jefferson’s 
birth, that Peter Shaw published the first 
edition of his English translation of Boer¬ 
haave ’s treatise under the title A New 
Method of Chemistry, a work that was in¬ 
strumental in extending Boerhaave’s influ¬ 
ence to the English colonies of North Amer¬ 
ica. This is indicated by a reference in The 
Pennsylvania Gazette for August 12, 1756, 
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to the courses of study at the newly estab¬ 
lished College and Academy of Philadelphia 
where companion courses are listed in agri¬ 
culture and in Shaw’s translation of Boer- 
haave’s Chemistry. 

Boerhaave ’s efforts to raise chemistry into 
the rank of a leading science met with con¬ 
siderable opposition. Chemistry was re¬ 
garded by many prominent naturalists of the 
eighteenth and nineteenth centuries as a 
servile upstart science, wholly unworthy of 
a place among the so-called liberal arts, and 
this was an opinion which Senebier, Sprengel, 
Liebig, and other chemists felt obliged to 
resist for over a century. The supercilious 
attitude of many scientific men toward chem¬ 
istry during its early formative period is in¬ 
dicated by the following anecdote which 
Jefferson relates of the great naturalist 
Buff on in a letter, written in July 1788, from 
Paris during his residence in that city as 
Minister to Prance: 

Speaking one day with Monsieur de Buff on, on the 
present ardor of chemical inquiry, he affected to con¬ 
sider chemistry but as cookery, and to place the tools 
of the laboratory on a footing with those of the 
kitchen. I think it, on the contrary, among the most 
useful of sciences, and big with future discoveries 
for the utility and safety of the human race. It is 
yet, indeed, a mere embryon. Its principles arc con¬ 
tested; experiments seom contradictory; their sub¬ 
jects are so minute as to escape our senses; and their 
result too fallacious to satisfy the mind. It is prob¬ 
ably an age too soon to propose the establishment of 
a system. The attempt, therefore, of Lavoisier to 
reform the chemical nomenclature is premature. 

This passage not only reveals the somewhat 
contemptuous opinion of chemistry that was 
prevalent in the late eighteenth century but 
it is an excellent illustration of the much 
more favorable conception of this science 
which Jefferson himself had formed in the 
course of his scientific reading. His view of 
the future of chemistry, as here expressed,, 
shows him to have been a progressive inde¬ 
pendent thinker and yet his opinion, formed 
in the midst of the heated controversy be¬ 
tween the rival systems of Lavoisier and of 
the phlogistic school of Stahl, was highly 
conservative. The establishment of a new 
system of chemistry, which Jefferson thought 
to be probably an age distant, occurred actu¬ 
ally within a year after he made this state¬ 
ment, with the publication in 1789 of Lavoi¬ 


sier’s epoch-making two volume Traite 
elementaire de chimie —one of the books 
that Jefferson added to his scientific library 
at Monticello. 

It will be useful, at this point, to consider 
a few of the large number of chemical books 
in Jefferson’s library that have a more or less 
direct relation to agriculture. The earliest 
of these was Francis Home’s Principles of 
Agriculture and Vegetation published in 
1757. It is the first example of a book de¬ 
voted exclusively to a consideration of the 
applications of chemistry to agriculture and 
might well have been entitled “Principles of 
Agricultural Chemistry ” had this term been 
then in use. The designation “Agricultural 
Chemistry” for the field covered by Home’s 
book was not introduced, however, until 
nearly a half-century later when the Ger¬ 
man chemist Hermbstadt in 1804 first recog¬ 
nized its status as an established science by 
applying to his new journal the title Archiv 
der Agriculturchemie . Home in the intro¬ 
duction of his Principles of Agriculture and 
Vegetation proclaimed the birth of this new 
science in the following words: 

The principles of all external arts must be deduced 
from, mechanics, or chymistry, or both together. 
Agriculture is in the last class; and though it de¬ 
pends very much on the powers of machinery, yet 111 
venture to affirm, that it has a greater dependence 
on chymistry. Without a knowledge in the latter 
science, its principles can never be settled. As this 
science is but of late invention and has not been 
cultivated with that regard to utility and the im¬ 
provement of trades and manufactures, as it ought 
and might, agriculture is hardly sensible of its de¬ 
pendence on it. The design of the following sheets 
is to make this appear; and to try how far chym¬ 
istry will go in settling the principles of agriculture. 

It is probable that when Jefferson read this 
passage he was not conscious of the fact that 
it was again his privilege to witness the faint 
dawn of a new branch of science. Home was 
a phlogistonist, the same as Scheele, Priest¬ 
ley, Ingen-Housz, Macquer, and many other 
chemists whose works were owned by Jef¬ 
ferson. He also possessed the works of 
Lavoisier, Fourcroy, Berthollet, and Guyton 
de Morveau, the chief representatives of the 
antiphlogistic school and the authors of the 
new “Chemical Nomenclature” which, al¬ 
though regarded by Jefferson at the time of 
publication as premature, was speedily 
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adopted by nearly all the leading chemists 
of Europe. 

The phlogistonists and their opponents 
were equally interested in the applications 
of chemistry to agriculture. Jefferson, dur¬ 
ing his residence in Paris, was a close ob¬ 
server of the conflict of ideas between these 
rival schools, which in its last stages resolved 
itself chiefly into a mere quibbling about the 
meaning of words. Substitute hydrogen for 
phlogiston, oxygen for dephlogisticated air, 
nitrogen for phlogisticated air, and carbon 
dioxide for fixed air and, so far as plant 
chemistry is concerned, the two schools of 
chemical philosophy were in substantial 
agreement. Jefferson, who had a profound 
dislike for theoretical speculations, took no 
interest and no side in this great historic 
controversy. The practical application of 
chemistry to the needs of farming, cookery, 
and domestic industries was all that inter¬ 
ested him. This attitude is reflected in many 
pages of Jefferson’s voluminous correspon¬ 
dence, more especially in his letters to chemi¬ 
cal friends in acknowledgment of books 
that they had published. Thus in a letter 
to Dr. Thomas Ewell, printed in the preface 
of his Elements or Principles of Modern 
Chemistry , Jefferson wrote in August 1805: 

Of the importance of turning a knowledge of chem¬ 
istry to household purposes, I have been long satis¬ 
fied. The common herd of philosopher# seem to write 
only for one another. The chemists have filled vol¬ 
umes on the composition of a thousand substances of 
no sort of importance to the purposes of life. 

This tendency to evaluate chemistry solely 
from the utilitarian viewpoint is indicated 
in another letter that Jefferson wrote in 
July 1812 to Dr. Thomas Cooper in acknowl¬ 
edgment of a copy of his Introductory Lec¬ 
ture to a Course of Chemistry . 

You know the just esteem which attached itself to 
Dr. Franklin’s science, because he always endeavored 
to direct it to something useful in private life. The 
chemists have not been attentive enough to this. I 
have wished to see their science applied to domestic 
objects, to malting, for instance, brewing, making 
cider, to fermentation and distillation generally, to 
the making of bread, butter, cheese, soap, to the incu¬ 
bation of eggs, etc. And I am happy to observe some 
of these titles in the syllabus of your lecture. I hope 
you will make the chemistry of these subjects intel¬ 
ligible to our good house-wives. 

Jefferson’s hope for the establishment of 


a household chemistry was not fully realized 
in America until fifty years after his death, 
when through the energy and perseverance 
of Mrs. Ellen II. Richards a “ Woman’s 
Chemical Laboratory” for instruction and 
research in this field was first created at the 
Massachusetts Institute of Technology in 
1876. The accomplishment of this ideal of 
Jefferson in the centennial year of his Decla¬ 
ration of Independence is a coincidence that 
is symbolic in more ways than one. 

The strong emphasis placed by Jefferson 
upon the practical values of chemistry and 
other sciences represents an att itude of mind 
that was shared by Franklin, Ada,ms, and 
many other founding fathers, whose outlook 
was prompted by the requirements of a, new 
country where immense natural resources 
were awaiting development. 

Jefferson’s almost exclusive regard for 
utility is indicated also by the large number 
of English, French, and Italian chemical 
books in his library, which he classified under 
the designation of Technical Arts—such 
works, for example, as Richardson’s Philo - 
sophieal Principles of Brewing; Knight’s On 
the Apple and Pear , Cider and Perry; 
Krafft’s American Distiller; Male’s Cookery; 
Parmentior’s Mur la Maniere da [wire le Pain, 
La par fall Boulanger , Mur les Ponmies de 
Terre , and La Fabrication des Mir ops et des 
Conserves de Raisins; Berthollet’s Piemens 
de l’Art de la ; Teinlurc; Fabbroni’s Dell 9 Arte 
di fare il Vino; and various tracts on making 
potash, maple sugar, and other domestic farm 
products. These are only a few of the numer¬ 
ous technological works that interested, Jef¬ 
ferson in the management of his large Vir¬ 
ginia estates, which from their isolated 
location were obliged to be largely self-suffi¬ 
cient in supplying the needs of! his family, 
domestics, tenants, and slaves. 

It must be remembered, however, that 
Jefferson’s interests in domestic agricultural 
industries were more national than personal. 
During the period of his ministry to France 
between 1784 and 178,9 he acquired from 
contacts with European science, agriculture, 
and industry information that was of such 
value to his home people that he has been 
aptly called the scientific scout of America. 
He made tours of inspection through south- 
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ern France, northern Italy, and western Ger¬ 
many, during which he devoted special atten¬ 
tion to such agricultural chemical industries 
as the fermenting of wine, the expression of 
olive oil, the milling of rice, the curing of 
hay, and the making of butter and cheese. 
Jefferson’s detailed description of the process 
of manufacturing Parmesan cheese at Lodi, 
Italy, in April 1787 particularly interested 
the present author, as during his visit to the 
Experimental Institute for Cheese-making 
at Lodi in April 1930 he saw processes almost 
identical with those described by Jefferson 
143 years before. 

From this account of Jefferson’s general 
attitude towards the relations of chemistry 
to agriculture it will be interesting to con¬ 
sider some of his opinions with regard to 
farming practices on his own estate at Mon- 
ticello and to test the validity of these 
opinions, so far as possible, by the findings 
of modern agricultural chemistry. 

In Jefferson’s tabular estimate of the an¬ 
nual exports from Virginia before the Kevo- 
lutionary War (as given under Query XX 
of his Notes on Virginia) tobacco is listed 
first with a value of $1,650,000, wheat second 
with a value of $666,666$, and Indian corn 
third with a value of $200,000. Tobacco, 
Indian corn, and wheat were all grown at 
Monticello, at one time or another, the acre¬ 
age given to each depending to a considerable 
extent on market conditions. More refer¬ 
ences to tobacco and tobacco culture are con¬ 
tained in Jefferson’s writings than to any 
other crop, and we will therefore take his 
attitude towards the cultivation of tobacco 
as the starting point in our consideration: 

It is a culture productive of infinite wretchedness. 
Those employed in it are in a continual state of exer¬ 
tion boyemd the power of nature to support. Little 
food of any kind is raised by them; so that the men 
and animals on these farms are badly fed, and the 
earth is rapidly impoverished. The cultivation of 
wheat is the reverse in every circumstance. Resides 
clothing the earth with herbage and preserving its 
fertility, it feeds the laborers plentifully, requires 
from them only a moderate toil except in the season 
of harvest, raises great numbers of animals for food 
and service, and diffuses plenty and happiness among 
the whole. 

This passage, among many others that 
might be quoted, indicates how strongly Jef¬ 


ferson regarded food production as the main 
purpose of agriculture. He held that to¬ 
bacco-growing should be discontinued be¬ 
cause it was not a food-plant and because it 
was the greatest robber of the soil fertility 
that belonged to food-producing crops such 
as wheat. 

For many years Jefferson grew no tobacco 
at Monticello, but the high increase in its 
price at the close of the century obliged him 
to revoke temporarily his proscription 
against this crop. In a letter to President 
Washington dated June 1793, supplying in¬ 
formation for Arthur Young, Jefferson has 
more to say about tobacco culture: 

Good husbandry with us consists in abandoning 
Indian corn and tobacco, tending small grain, some 
red clover following, and endeavoring to have, while 
the lands are at rest, a spontaneous cover of white 
clover. I do not present this as a culture judicious 
in itself, but as good in comparison with what most 
people there pursue. . . . The highlands, where I 
live, have been cultivated about sixty years. The 
culture was tobacco and Indian corn as long as they 
would bring enough to pay the labor. Then they 
were turned out. After four or five years rest they 
would bring good corn again and in double that time 
perhaps good tobacco. 

Jefferson’s opinion as to the great impov¬ 
erishment of the soil by tobacco was based 
entirely upon field observations of decreasing 
yields. The length of the time of fallow, or 
rest, before good crops could be obtained 
again—eight to ten years for tobacco, four to 
five years for corn, and one to three years for 
wheat—seems to have been his chief measure 
of the comparative depleting effects of these 
crops. He had in fact few other means of 
making an estimate. The role of the mineral 
constituents of the soil in plant nutrition was 
entirely unknown to Jefferson. It was not 
until 1842, sixteen years after Jefferson’s 
death, that Wiegmann and Polstorff pub¬ 
lished their important research Ueher die 
anorganischen Bestandtheile der Pflanzen , 
in which it was shown that when grown in a 
fertile soil tobacco removed 18.20 per cent of 
its dry weight in mineral matter, clover 10.66 
per cent, barley 6.40 per cent, oats 5.07 per 
cent, and buckwheat only 3.63 per cent. 

Exact information as to the amounts of 
potassium, calcium, magnesium, phosphorus, 
sulfur, and other necessary mineral elements 
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that are removed from soils by different 
crops did not become known -until after the 
publication of Wolff’s Aschenanalysen in 
1871, or forty-five years after Jefferson’s 
death. 

The estimates in Table I of the pounds of 
TABLE I 


Pounds op Three Soil Constituents Bemoved by 
Chop, pek Ache 


Crop* j 

Nitrogen 

Phosphoric 

acid 

Potash 

Tobacco . 

42.7 

5.6 

56.4 

Corn . 

36.1 

12.7 

25.4 

Wheat . 

27.2 

10.6 

13.4 


* The average yields per acre of the three crops under 
test in 1924 were : tobacco, 723 pounds; corn, 23 bush¬ 
els ; and wheat, 16 bushels. 

nitrogen, phosphoric acid, and potash re¬ 
moved by tobacco, corn, and wheat per acre 
are taken from a tabulation by F. E. Allison 
in the Journal of Chemical Education for 
1926 (Yol. 3, p. 56). According to this tabu¬ 
lation tobacco shows the highest and wheat 
the lowest degree of soil-exhaustion as re¬ 
gards nitrogen and potash. As regards 
phosphoric acid, corn shows the highest and 
tobacco the lowest depleting effect. No 
values are given by Allison of the pounds 


of nitrogen and potash removed by tlm stalks 
and straw of the two cereal crops. The re¬ 
sults so far as shown are in general agree¬ 
ment with Jefferson's estimate of the com¬ 
parative decline in yield of the three crops 
mentioned as a result of continuous cultiva¬ 
tion. 

A later and more detailed comparison of 
the amounts of mineral elements removed 
from the soil by different crops is supplied 
by the table of Ross and Beeson, contained in 
their article on “The Problem of the. Prin¬ 
cipal Secondary Elements in High Analysis 
Fertilizer Mixtures" (The American Fer¬ 
tilizer, March 4 and 18, 1939), from which 
the estimates in Table II of the pounds of 
potassium, calcium, magnesium, phosphorus, 
sulfur, and nitrogen removed by tobacco, 
corn, and wheat per acre of land are quoted. 
The depleting effect of tobacco and corn com¬ 
pared with wheat, as calculated from the 
average of the pounds removed per acre for 
the six plant nutritive elements listed in 
Table IT, is shown in Table TIL The results 
show that the high depleting effect of lobaeco 
is confined chiefly to the basic elements 
potassium, calcium, and magnesium, the 
amount of calcium removed per acre (rung 
over thirteen times higher than that removed 
by wheat and over seven times higher than 


TABLE II 

Pounds ov Elements Removed by Chop, vm Acre 


Crop 

Potassium 

Calcium 

! Magnesium 

Phosphorus 

Sulfur 

.Nitrogen 

Tobacco . 

26.85 

30.18 

6.84 

2.14 

4.67 

30.89 

Corn, grain. 

4.74 

0.17 

1.92 

4.23 

1.67 

21.15 

Corn, stover . 

9.42 

4.04 

2.84 

1.94 

2 . 0 !) 

10.32 

Total corn . 

14.16 

4.21 

4.76 

6.17 

3.76 

31.47 

Wheat, grain . 

3.40 

0.49 

1.30 

2.67 

1.46 

15.55 

Wheat, straw. 

9.48 

1.82 

1.21 

0.85 

2.19 

5.59 

Total wheat .. 

12.88 

2.31 

2.51 

3.52 

3.65 

21.14 


TABLE III 

Comparative Depleting Effect (Wheat = 1 . 00 ) 


Crop 

Potassium 

Calcium 

Magnesium 

Phosphorus 

Sulfur 

Nitrogen 

Average 

Tobacco . 

2.08 

13.06 

2.53 

0.61 

1.28 

1,46 

3.50 

Total corn. 

1.10 

1.82 

1.90 

1.75 

1.03 

1.49 

1,51 

Total wheat . 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1*00 
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that removed by corn. The general average 
for all six elements indicates that tobacco has 
a depleting effect three and a half times that 
of wheat and two and a third times that of 
corn. The method of calculation is open to 
some criticism and is not rigidly exact, but 
the values found are in good agreement with 
Jefferson’s estimate of the time required for 
land to lie fallow before good yields of the 
three crops are regained, viz., eight to ten 
years for tobacco, four to five years for corn, 
and one to three years for wheat. The agree¬ 
ment cannot be regarded as accidental. Jef¬ 
ferson’s estimates were based upon careful 
observations of his own and the general testi¬ 
mony of other planters. 

Jefferson knew absolutely nothing about 
the chemical, physical, and biological factors 
of the soil that during the unproductive fal¬ 
low periods promote the unlocking of plant 
nutrients from their nonavailable combina¬ 
tions. He believed the atmosphere to be the 
active agent in restoring fertility to worn 
out lands, being a follower in this, as in other 
particulars, of his friend John Taylor, whose 
series of agricultural essays, entitled Arator, 
was the guide of many Virginians. In addi¬ 
tion to fallowing, Jefferson recommended, as 
means for improving the productivity of the 
soil, the use of manure, crop rotation, and the 
cultivation of protecting leguminous crops, 
such as peas, clover, and vetches. In a letter 
to an unknown correspondent written from 
Philadelphia in March, 1798, Jefferson had 
this to say regarding the value of the cow- 
pea: 

It is very productive, excellent food for man and 
beast, awaits without loss our leisure for gathering, 
and shades the ground very closely through the hot¬ 
test months of the year. This with the loosening of 
the soil, I take to be the chief means by which the 
pea improves the soil. We know that the sun in our 
cloudless climate is the most powerful destroyer of 
fertility in naked ground and therefore that the per¬ 
petual fallows will not do here, which are so bene¬ 
ficial in a cloudy climate. 

Beyond attributing the chief value of the 
pea to its loosening the soil and protecting it 
against the injurious radiations of the sun, 
Jefferson was unable to go. It was not until 
1838, twelve years after Jefferson’s death, 
that Boussingault demonstrated that peas 
and clover possessed the power of assimilat¬ 


ing nitrogen from the air and forty-eight 
more years had to elapse before Hellriegel 
and Wilfarth showed this power to be local¬ 
ized in the root nodules of these leguminous 
plants. Thus was established, in ways that 
Jefferson could not foresee, the truth of his 
statement that 4 * The atmosphere is certainly 
the great workshop of nature for elaborating 
the fertilizing principles and insinuating 
them into the soil.” 

The sciences of human and animal nutri¬ 
tion, so important to agriculture and the na¬ 
tional welfare, were practically nonexistent 
in Jefferson’s time, and upon these subjects 
he was no further advanced than any of his 
contemporaries. His sole consideration in 
selecting rations seems to have been the sup¬ 
posed needs of his soil. This is indicated in 
a letter written in 1794, to his friend John 
Taylor, to whom Jefferson remarked: 

The first step towards the recovery of our lands is 
to find substitutes for corn and bacon. I count on 
potatoes, clover and sheep. The two former to feed 
every animal on the farm except my negroes and the 
latter to feed them, diversified with rations of salted 
fish and molasses, both of them wholesome, agreeable 
and cheap articles of food. 

This was perhaps only a passing thought 
of Jefferson (thrown out at random like so 
many of his observations) for the winter 
feeding of his farm animals and slaves when 
fresh vegetables and fruits were lacking, but 
neither Jefferson nor John Taylor, nor any 
other agriculturist of the year 1794, had a 
sufficient knowledge of human nutrition to 
estimate the inadequacy of a diet consisting 
solely of mutton, salted fish, and molasses. 
The science of nutrition had to wait over 
thirty years after Jefferson’s death before 
light began to dawn on this important field. 

Much more might be said with regard to 
the agricultural-chemical validity of other 
farm practices of Jefferson, but we must pass 
them over in order to say just a word about 
his views regarding the place that chemistry 
should occupy in the teaching of agriculture. 
This was a subject that had long concerned 
Jefferson in mapping out the courses of study 
for the new University of Virginia, which he 
had' established at Charlottesville near his 
Monticello home. 

As early as January 1800 Jefferson re- 
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quested Ms friend Dr, Joseph. Priestley, the 
eminent English chemist, to submit sugges¬ 
tions about courses of study for such an in¬ 
stitution as he had in mind. In answer to 
this appeal Priestley sent Jefferson an out¬ 
line of literary and scientific courses of study 
for a faculty of nine professors. Priestley’s 
scheme is interesting because the professor of 
chemistry is designated by him to include the 
theory of agriculture in his course of chem¬ 
ical instruction. The grouping of agricul¬ 
ture with chemistry in this outline is an evi¬ 
dence of the growing realization, both in 
Europe and America, that agriculture was 
more closely concerned with chemistry than 
with any other science. Jefferson seems to 
have been of the same opinion, for in the 
report of the Commissioners of the Univer¬ 
sity of Virginia to the State Legislature 
(August 1818), which was written by Jeffer¬ 
son, it is stated: “Chemistry is meant, with 
its other usual branches, to comprehend the 
theory of agriculture . 9 9 The same thought is 
expressed also in a letter, written only two 
months before his death to Dr. John P. Em¬ 
met, Professor of Natural History at the 
newly established University of Virginia, in 
which he suggested that Emmet blend Rural 
Economics with Chemistry, Botany, and 
Zoology, and that in his year’s course of 
studies he devote one dozen lectures each to 
Botany, Zoology, Mineralogy and Geology, 
and eight dozen to Chemistry. Chemistry 
was thus allotted twice as much time as was 
given to the other four sciences combined. 
While the impending death of Jefferson pre¬ 
vented the execution of any such apportion¬ 
ment of studies as this in his new university, 
his suggestion remains as an evidence of the 
predominant part that he believed chemistry 
was destined to play in the future of agri¬ 
cultural science. 


Jefferson’s belief in a greater realization 
of the importance of chemistry to agriculture 
was soon to be abundantly confirmed, for at 
the very time he wrote his letter to Emmet 
a young professor at the University of Gies¬ 
sen in Germany was beginning research work 
in agricultural chemistry that was soon to 
exert a profound influence on the future of 
this science. He was Justus Liebig, whose 
book entitled Organic Chemistry in its Ap¬ 
plications to Agriculture and Physiology , 
published in 1840, did more to revolutionize 
the art of husbandry than any other treatise 
on the subject. The doctrines promulgated 
by Liebig, in the various editions of Ibis book 
and in the teachings of the hundreds of 
pupils who flocked to his laboratory from all 
parts of the world, set waves of progress in 
motion that still continue to be felt. 

Jefferson had unbounded faith in the fu¬ 
ture of chemistry and of all other sciences 
that were related to agriculture and to the 
prosperity of the republic that he had been 
so instrumental in helping to found and 
whose interests, in over thirty years of public 
office, lie had striven so zealously to promote. 
His confidence in the future advancement of 
science is well expressed in a letter that he 
wrote from Mbnticello to his friend Dr. Ben¬ 
jamin Waterhouse in March 1818, nine years 
after his retirement from the presidency. 

When I contemplate the immense advances in 
science and discoveries in the arts which have boon 
made within the period of my life, I look forward 
with confidence to equal advances by the present 
generation and have no doubt they will consequently 
be as much wiser than wo as we than our fathers 
wore. 

With this message of high confidence and 
optimism our present discussion of some of 
Jefferson’s relations to Agricultural Chem¬ 
istry may very fittingly be brought to a close. 


J 



GEOMETRY AND EXPERIENCE* 


By N. A. COURT 


Students who gather for their first lesson 
in geometry know already a good deal about 
the subject. They are familiar with certain 
shapes that textbooks on geometry call paral¬ 
lelepipeds, spheres, circles, cylinders, which 
the students would call boxes, balls, wheels, 
pipes. Notions such as point, line, distance, 
direction, and right angle are quite familiar 
and clear to them, in spite of all the difficul¬ 
ties learned mathematicians profess to en¬ 
counter when they try to clarify or define 
these concepts. 

The question arises, how was this store of 
knowledge gathered, how was this informa¬ 
tion acquired? The empiricists maintain 
that geometrical knowledge is the result of 
the experience of the individual in the world 
surrounding him. However, the universal 
acceptance of the basic properties of space 
lead the apriorists to the conclusion that 
these spatial relations are innate, that they 
-constitute a fundamental characteristic or 
limitation of the mind which cannot function 
without it or outside of it. The invention of 
non-Euclidcan geometry has done consider¬ 
able damage to the solidity of the apriorist 
armor but lias not eliminated the debate be¬ 
tween the two schools of thought. 

During the present century the eminent 
French sociologist Emile Durkheim (1858- 
1917) advanced an intermediate thesis. The 
source of our geometric knowledge is experi¬ 
ence. However, at a very early stage of 
civilization this individual experience is 
pooled and codified by the group, owing to 
social necessity and in order to serve social 
purposes. Our basic geometric knowledge 
is thus a social institution. It is this social 
function of geometry that accounts for the 
fact of its universal acceptance, for the in¬ 
ability of the individual to act contrary to 
it, for the mind to reject it. 

It is universally agreed that the actual ex¬ 
perience of living is the basic factor in the 
process of accumulating information of the 
kind that we call spatial or geometrical. 

* Prom an address before the Mathematical Collo- 
qium, University of Oklahoma, May 1944. 


This in turn amounts to saying that we come 
into possession of this information through 
our senses. Such being the case, the question 
naturally comes to mind, which of our senses 
is it that performs this function? 

The sense of hearing helps to acquire the 
notion of direction. To a lesser degree this 
is also true of the sense of smell. The sense 
of taste need hardly be mentioned in this 
connection. The sense of sight and the sense 
of touch remain. It does not take much 
effort to see that these two senses play the 
dominant part in the shaping of our geometri¬ 
cal knowledge. 

The sense of touch, considered in its 
broader aspect of including also our muscu¬ 
lar sense, supplies us with information as to 
the shape of things. It is also our first source 
of information about distance. By touch we 
learn to distinguish between round things 
and things that have edges, things that are 
flat and things that are not flat. It is the 
sense of touch that conveys to us the first 
notions of size. This object we can grasp 
with our hand, and this other cannot be so 
grasped; it is too big; this object we can 
surround with our arms, this other we can¬ 
not; it is too big. 

These examples imply measuring, and the 
measuring stick is the size of our hand, the 
length of our arm, and, more generally, the 
size of our body. The whole environment 
that we have created for ourselves in our 
daily life is made to measure for the size of 
our body. That the clothes we wear are 
adapted to the size of our body and our limbs 
goes without saying. But so is the chair we 
sit on, the bed we sleep in, the rooms and the 
houses we live in, the steps we climb, the size 
of the pencil we use, and so on, without end. 
We take it so much for granted that things 
should fit our size that we are startled when 
they fail to conform to the adult standard, 
as, for example, in the children’s room of a 
public library where the chairs are tiny and 
the tables very, very low. The legendary 
robber Procrustes, of ancient Greece, had 
his own ideas about matching the sleeper and 
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the size of the bed. He made his victims 
occupy an iron bed. If the occupant was 
too short, he was subjected to stretching until 
he reached the proper length. If, on the con¬ 
trary, the helpless victim was too tall he was 
trimmed down to the right size, at one end 
or the other. Hebrew writers placed this 
famous bed in Sodom, and it was one of the 
iniquities that caused Sodom’s destruction, 
by a “bombardment from the air.” 

In many cases the fact that things are 
made on the “human scale” may be less im¬ 
mediate but is no less real. The clock on the 
wall has two hands, whereas, strictly speak¬ 
ing, the hour hand alone should be sufficient. 
Owing to the limitations of our eyesight, we 
cannot evaluate with sufficient accuracy frac¬ 
tional parts of an hour by the use of the hour 
hand alone, unless the face of the clock was 
made many times larger than is customary. 
But then the clock would become an unwieldy 
object, out of proportion to the other objects 
around us made to the “human scale.” 

The comparison of the size of objects sur¬ 
rounding us with the size of our body is not 
just a kind of automatic reflex but is a de¬ 
liberate operation as well. “When in the 
course of our cultural development the need 
arose for greater precision in describing sizes 
and for agreement upon some units of length, 
we turned to our body to provide the models. 
The length of the arms and of the fingers, 
the width of the hand, the length of the body 
and of the legs all served that purpose at one 
time or another, at one place or another. 
The yard is, according to tradition, the length 
of the arm of King Henry I. The origin of 
the “foot” measure requires no explanation, 
and we still “step off” lengths. 

The sense of vision is the other great source 
of geometrical information. To a consider¬ 
able extent this information overlaps the 
data furnished by the sense of touch. Sight 
informs us of the difference in sizes of ob¬ 
jects around us. Sight supplements and ex¬ 
tends the notion of distance that we gain 
through touch. Sight tells us of the shape of 
things, and on a much larger scale than touch 
does. But sight asserts its supremacy as a 
source of geometrical knowledge when it 
comes to the notion of direction. Moreover, 
sight tells us “at a glance” which object is 
closer, which is farther, which is in front 


and which is behind, which is above and 
which is below. Sight is supreme in telling 
us when objects are in the same direction 
from us, when they are in a straight line. 
When we want to align trees along our 
streets, we have recourse to sight. The fact 
that light travels in a straight line is one 
of the main reasons for the dominant posi¬ 
tion the straight line occupies in our geo¬ 
metrical constructs. I realize that some 
learned persons will smile indulgently at the 
statement that a ray of light is rectilinear. 
I will, nevertheless, stick to my assertion as 
far as our terrestrial affairs are concerned, 
whatever may be true of light on the vaster 
scale of the interstellar or intergalaxian uni¬ 
verse. 

Up to this point the geometrical knowledge 
I have mentioned is the kind familiar to “the 
man in the street.’ ’ Let us now turn to the 
systematic study of the subject, to the science 
of geometry. Are both empirical sources of 
geometrical knowledge reflected in systematic 
geometry ? Is it possible to classify geometri¬ 
cal theorems on that basis ? 

If we examine Euclid, we see that he 
leaned heavily towards tactile geometry, or 
the geometry of size. Ills main preoccupa¬ 
tion was to establish the equality of segments 
and angles, to prove the congruence of tri¬ 
angles. The method of proving triangles to 
be congruent consists in picking up one tri¬ 
angle and placing it on the top of the other, 
which implies that the moving triangle docs 
not change while it is in motion. This pos¬ 
sibility of rigid motion was much insisted 
upon by ITenri Poincare (1854-1912) and is 
now considered by mathematicians to be the 
characteristic property of the geometry of 
size, or, to use the professional term, of metric 
geometry. Euclid’s is thus metrical geome¬ 
try exclusively, or nearly so. This is not 
at all surprising, since metrical geometry is 
the geometry of action, the geometry that 
builds our dwellings and makes our house¬ 
hold utensils. The very origin of Euclid’s 
geometry is supposed to be connected with 
the parcelling out of plots of land in Egypt 
after the recession of the flood waters of the 
Nile. 

Euclid did not know that his was metrical 
geometry. To him it was just geometry, for 
he knew of no other kind. Neither did his 
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successors, in spite of the fact that they 
added to Euclid’s Elements a considerable 
number of geometric propositions which in 
their nature are visual and not metric. 
There are numerous such propositions, some 
of them of fundamental importance, in the 
collection of Pappus, a Greek author of the 
third century of our present era, A sys¬ 
tematic study of visual geometry had to wait 
for a millenium and a half before it found 
its apostle and high priest in the ,person of 
the French army officer Jean Victor Poncelet 
(1788-1867), the father of projective geome¬ 
try. 

Consider any geometrical figure, say a 
plane figure (triangle) F (Fig. 1), for the 
sake of simplicity, and let S be a point (rep¬ 
resenting the eye) not in the plane of figure 
F. Imagine the lines joining every point 
of figure F to the point S. Now, if we place 
a screen between S and figure F, everyone 
of these lines will mark a point on the screen, 
and thus we obtain a new figure F / in the 
new plane, the image of figure F. 

If we compare the two figures F and F', 
we notice some very interesting things. The 
figure F' in general will be different from 
F. It has suffered many distortions. If A, 
B are two points in F and A', B' are their 
images in F', the distance A'B' is not equal 
to the distance AB, as a rule, and may be 
either smaller or greater than AB, and this 
alone deprives the figure F' of any value in 
the study of the figure F from a metrical 
point of view. There are, moreover, many 
ether distortions of various kinds. But some 
characteristics of F always reappear in F'. 
Of these the most important is that a straight 
line p of F has for its image in F' a straight 
line p', and consequently any three points 
A, B, C of F that lie on a straight line in F 
will have for their images in F / three points 
A', B', C' that also lie in a straight line. If 
two lines p and q are taken in F, their images 
in F' are two straight lines p' and q', but the 
angle p'q' is not equal to the angle pq, as a 
rule, and may be either smaller or larger than 
pq. In particular, the images of two parallel 
lines are not necessarily parallel, and the 
images of two perpendicular lines are not 
necessarily perpendicular. 

If we call figure F' the projection of figure 
F from the point S, we may say that projec¬ 


tion preserves incidence and collinearity. 
The systematic study of projective geometry, 
or visual geometry, is the study of those 
properties of figures that remain unaltered 
by projection, just as it may be said of metri¬ 
cal geometry that it is the study of those 
properties of figures that remain unaltered 
in rigid motion. 

From the point of view of the theory of 
knowledge it is of great significance that the 
distinction between tactile geometry and 
visual geometry was not noticed by either 
philosophers or psychologists. Only after 
the patient labors of mathematicians created 
the doctrine of projective geometry did the 
distinction come to light. The credit for 
having pointed out this distinction goes to 
Federigo Enriques, Professor of Projective 
Geometry at the University of Rome. 



In the study of the sources of our geo¬ 
metrical knowledge too little attention is 
accorded to our own mobility, to our ability 
to change places. Even the range of our 
knowledge due to touch is considerably in¬ 
creased by our ability to move our arms. In 
connection with our visual information our 
mobility is of paramount importance. To 
mention only one point, the shape of an ob¬ 
ject depends upon the point of view, or the 
point of observation. It is our ability to 
change places that makes it possible for us 
to eliminate the fortuitous features from our 
observations. 

As has been mentioned before, our tactile 
and visual information do not cover the same 
ground, but they overlap to a considerable 
extent and thus complement each other. But 
do they always agree? If a person drives his 
car over a stretch of straight road, he ob¬ 
serves that the road is of the same width all 
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along. He knows it to be so by comparison 
with the size of bis ear and by comparison 
of tbe size of bis car with his own size; in 
other words, it is a tactile fact. Now, if he 
turns around and looks at the road just tra¬ 
versed, he sees “with his own eyes” that the 
road is getting narrower as it extends back 
into the distance and seems to vanish into 
a point. These two items of information on 
the same subject contradict each other. 
Which of them is true and which is false? 
Which of them do we accept and which do we 
reject? Above all, how do we go about tell¬ 
ing which to accept and which to reject? 

When one puts a perfectly good spoon into 
a glass of water, he sees that the spoon is 
unmistakably broken, or at least bent at a 
considerable angle. He takes the spoon out, 
and it is as good as it was before he put it 
in. He runs his finger along the spoon while 
it is in the glass and feels that it is as straight 
as ever. But when he looks at it, there is no 
doubt that the spoon is bent; contradictory 
testimony of two different senses. Again the 
question arises, which of the two pieces of 
information do we accept, and on what 
ground do we make our choice ? 

A long time ago I read of a lake where 
the water was so clear that on a bright 
moonlit night it was possible to see the fish 
asleep on the bottom of the lake. Devotees 
of fishing would take advantage of this situa¬ 
tion and go out in a boat, as quietly as pos¬ 
sible, to the middle of the lake and then try 
to catch the fish by striking them with a har¬ 


poon. It was explained in my reader that 
aiming the harpoon at the spot where a fish 
was seen would spell disastrous failure and 
that successful practitioners of the sport 
would know the spot at which to aim, al¬ 
though the fish was seen to be elsewhere. 

The moral of this fish story is of great 
importance. In the case of the road and in 
the case of the spoon we all repudiate the 
testimony of our eyes and accept the verdict 
of the sense of touch. We do so whenever 
the tactile and the visual testimonies are in 
disagreement. But why? 

The answer to this puzzling question may 
be found in the activity of man. Moreover, 
his activities are purposeful and must he co¬ 
ordinated so as to achieve success. Now, 
man’s organs of activity, his hands, are also 
the main organs of touch. Man has thus 
developed a close co-ordination between his 
touch and his actions. At short range, he has 
implicit faith that his actions will be fruitful 
if he relies on the data furnished by touch. 
Visual data concern objects at a distance and 
serve well as a first approximation. They 
are good in most eases but arts always subject 
to control and cheek. If light sees lit to 
indulge in such vagaries as reflection, refrac¬ 
tion, and mirages, so much the worse for 
light. My fish story points to just that 
moral, Kight leads us to the fish. But if we 
want to act on it successfully, we must sub¬ 
ject this information to the necessary correc¬ 
tion as learned by touch. Otherwise we shall 
have no fish to fry. 


j 



METALLURGY AND THE WAR* 

By ZAY JEFFRIES 


No crystal ball was required to predict that 
vast quantities of metals would be consumed 
in a world war. It was equally obvious that 
in a modern world war the quality factor 
must go hand in hand with quantity. When 
the war broke out in Europe in 1939 the 
state of health of the metal industry in the 
United States was not too good. In tonnage, 
iron and steel account for more than 90 per 
cent of the metal production. The world 
metal situation is, therefore, reflected in the 
figures for steel. In 1929 we produced about 
63,000,000 tons of steel ingots, which was 48 
per cent of the world output. In 1939 we 
produced 52,000,000 tons, which was only 35 
per cent of the world output. While the 
world production in 1939 was registering a 
new all-time high of 149,000,000 tons, or a 
gain of 17,000,000 tons over 1929, other coun¬ 
tries—mostly European—gained 28,000,000 
tons and we lost 11,000,000. 

For military purposes metals are divided 
into three main classifications: (1) Strategic; 
(2) Critical; and (3) Essential. Strategic 
metals are necessary to the conduct of war 
and not available in sufficient quantities 
within the sphere of influence of a nation. 
Critical metals are necessary for war and 
available domestically, but may require con¬ 
servation or distribution control in wartime. 
Essential metals are needed for war and con¬ 
sidered to be available domestically in suffi¬ 
cient quantities for both war and essential 
domestic purposes. 

When the war started in Europe the metals 
considered to be “Strategic” here were an¬ 
timony, chromium, manganese, mercury, 
nickel, tin, and tungsten. Aluminum and 
vanadium were classified as 44 Critical, ’ * and 
lead, magnesium, molybdenum, copper, plati¬ 
num, zinc, iron, and steel were classified as 
“Essential.” These classifications have un¬ 
dergone many and wholesale changes during 
the past few years. These changes consti¬ 
tute, in part, a reflection of unexpected and 
sometimes hectic situations. 

* Presented at the Autumn Meeting, National Acad¬ 
emy of Sciences, Washington, D. O., Nov. 15, 1944. 


Our metal industries were splendidly 
qualified to meet any ordinary increases in 
demand, and some groups even anticipated 
unusual increases. For example, the alumi¬ 
num capacity was substantially increased, by 
private capital, and additional facilities were 
in process prior to the advent of plans for 
the Government-owned plants. The same 
was true of magnesium. But, as the produc¬ 
tion for war approached maximum, most of 
the metal industries had to expand substan¬ 
tially, and some needed fantastic increases. 

The plans for aluminum called for an ex¬ 
pansion in capacity of sevenfold and for 
magnesium, a hundredfold. While the plans 
for steel expansion were modest in percent¬ 
age, in amount—10,000,000 tons annually— 
they called for a greater increase than that 
of all other metallic products combined. 

Acute shortages appeared in 1941: First 
nickel and aluminum; then followed zinc, 
copper, magnesium, and even lead; finally, 
steel became short, and the expansion pro¬ 
gram began in a big way. Many nonmetallic 
materials were used in place of metals. 
These included, in part, plastics, rubber, 
glass, paper fabric, concrete, leather, and 
wood. 

It was learned in the succession of short¬ 
ages that substitutions of one metal for an¬ 
other were possible within rather wide areas, 
although certain metals were well-nigh in¬ 
dispensable for particular purposes. Substi¬ 
tutions were made on the basis of availability 
rather than on an economic basis. For ex¬ 
ample, it is not obvious that the heavy metal 
lead can be substituted for the light metal 
magnesium. When a shortage of the latter 
developed, however, lead-base alloy die cast¬ 
ings were used in place of certain magnesium- 
base die castings. 

Thus it was learned that, in general, an 
increase in the supply of one metal eased the 
whole metal shortage situation. This gave 
assurance that increased steel capacity, which 
could be accomplished cheaper and sooner 
than for other metals, would take care largely 
of the metal shortage problem. Increases 
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were needed all along the line, however, in 
varying degree—partly to provide greater 
quantity but mainly to insure high quality 
of our metallic products. 

Increased steel production made the prob¬ 
lem of manganese supply critical. Not only 
is manganese needed in the manufacture of 
ordinary steel, but it is one of the valuable 
elements used in many alloy steels. There 
was insignificant production within the bor¬ 
ders of the United States. The earliest pro¬ 
gram, therefore, concerned itself partly with 
manganese. There are low-grade deposits in 
the United States containing more than 
enough manganese to satisfy our war needs. 
It was necessary to choose the deposits that 
should be worked and to develop proper flow 
sheets for the recovery of this metal. This 
was a necessary precaution against the pos¬ 
sibility of the shutting off of imports, even 
though large amounts of equipment and large 
expenditure of manpower would be required. 
These things were done, spearheaded by the 
Council of National Defense and the various 
successor organizations, including the Office 
of Production Management, the Supply Pri¬ 
orities and Allocations Board, and the War 
Production Board. The facilities for the 
domestic production of manganese were 
financed by the Government. 

The steps taken to insure sufficient chro¬ 
mium were similar in nature to those taken 
for manganese. 

The requirements for mercury were ade¬ 
quately taken care of by a price increase 
from $90 a flask of 76 pounds to $190 a flask. 
Under this price stimulus domestic produc¬ 
ers added sufficient mercury to the imports 
to satisfy the demand. 

There was no such possibility in the case 
of tin, because the deposits were not avail¬ 
able. Special arrangements, therefore, were 
made to import ores of tin from Bolivia and 
treat them in a Government-owned smelter 
authorized for this purpose and built in 
Texas. 

When Japan made her conquests in the 
Par East, the main tin production center of 
the world fell into her hands. We were 
fortunate in having a stock more than equiva¬ 
lent to one year’s consumption, even at the 
expanded wartime rates. We needed to dig 
in, however, for the long pull, and this is 


exactly what was done. The United States 
could expect to receive something on the 
order of 50,000 tons of tin yearly in the 
form of concentrates and pig tin, and it was 
known that a certain amount could be recov¬ 
ered from scrap. However, there seemed to 
be no possibility of providing the annual 
minimum of around 100,000 tons for war¬ 
time consumption. A concerted attack on the 
whole problem of tin supply and conservation 
was therefore made. 

In the meantime other problems in con¬ 
nection with the metal supply were appear¬ 
ing. The National Academy of Sciences had 
been asked to advise the Council of National 
Defense on manganese, chromium, and tin 
problems. This work was later expanded to 
include advice on all metals and minerals and 
led to the organization of the Advisory Com¬ 
mittee on Metals and Minerals. This group 
to advise the Office of Production Manage¬ 
ment was organized under the auspices of the 
Academy and the Research Council. Later, 
the National Defense Research Committee 
desired to have the Academy and the Re¬ 
search Council organize a group to help them 
on metals and minerals, and this was done 
through the organization of; the War Metal¬ 
lurgy Committee. There were three main 
units: Research, Advisory, and Information 
Distribution Divisions. The War Metallurgy 
Committee, therefore, served both the Armed 
Services and the various civilian organiza¬ 
tions dealing with war problems. 

The scope of the work of the War Metal¬ 
lurgy Committee is broad. Major studies 
and reports have been made, for example, in 
connection with the following metals, miner¬ 
als, and alloys: aluminum, alumina, anti¬ 
mony, asbestos, bauxite, beryllium, boron, 
brass, cadmium, cast iron, cement, chromium, 
clay, cobalt, copper, cryolite, diamond, graph¬ 
ite, iridium, iron, kyanite, lead, lithium, 
magnesium, manganese, mercury, mica, 
molybdenum, nickel, platinum, rutile, scrap 
metals, steel, tantalum, tin, topaz, tungsten, 
vanadium, zinc, and zirconium. 

The work has related to raw materials, 
production processes, fabrication, develop¬ 
ment of alloys, heat treatment, conservation, 
substitution, chemical analysis, physical test¬ 
ing, welding, casting, and inspection. 

Hundreds of metallurgists have been active 
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in these studies. The research activities com¬ 
prise more than a hundred specific projects 
handled for the War Production Board or 
the National Defense Research Committee or 
directly for the Armed Forces. These proj¬ 
ects include, among others, work on aircraft 
materials, armor-plate, heat-resistant alloys, 
alumina production, magnesium production, 
steel processes, conservation, and substitu¬ 
tion. Over fifty groups are collaborating, 
including industrial, independent, and Gov¬ 
ernment laboratories. 

The operation of the advisory units of the 
War Metallurgy Committee is a fine example 
of how a democracy can share its peacetime 
knowledge to win a war. Much of this in¬ 
formation is proprietary, and it literally rep¬ 
resents an important part of the owner’s 
capital. Much of it has been shared, with 
little regard for postwar consequences. More 
than two hundred advisory reports have 
been submitted. 

The Armed Forces determined to a large 
extent the requirements for both the quan¬ 
tity and quality of metals. Industry, large 
and small, performed the great tasks of pro¬ 
duction and fabrication. The War Produc¬ 
tion Board and its predecessors had the main 
responsibility for bringing supply and de¬ 
mand into balance. Because the supply had 
to be increased quickly, and sometimes dra¬ 
matically, it became open season for many 
with untried processes, marginal mineral de¬ 
posits and, in general, for new ideas—by no 
means excluding those usually classified as 
“crackpot.” 

While the War Metallurgy Committee was 
small in comparison with the producers and 
fabricators, or even the War Production 
Board, it nonetheless performed a valuable 
service. A compass and other navigation in¬ 
struments are small in comparison with the 
size of a ship, and a governor is small in 
comparison. with the size of an engine, but 
both have vital functions. The War Metal¬ 
lurgy Committee served as a compass to help 
keep the great metal program moving in the 
right direction, and it served as a governor 
to help keep the great machine from running 
wild. 

The advisory surveys constituted the 
greater part of the service in the earlier part 
of the program. As might have been ex¬ 


pected, they uncovered areas in which insuf¬ 
ficient information could be found. The need 
for research projects was therefore ascer¬ 
tained, and for some time past and at pres¬ 
ent the research program is much more active 
than the advisory work. Both, however, 
move along together in harmony. 

It should be noted that the metal shortages 
mentioned earlier were not caused by re¬ 
duced supplies but by a greatly increased 
demand. In fact, the supplies were the 
greatest in history. Of all the metals tin 
alone is available in lesser amounts than be¬ 
fore Pearl Harbor. 

The manner in which we have adjusted 
ourselves to the lower tin supply is note¬ 
worthy. The electrolytic process of making 
tinplate is being expanded rapidly to take 
the place of the hot dip process, with a sav¬ 
ing of about 50 per cent of tin per square 
foot of tinplate. The tin content of solders 
has been greatly reduced and, in many in¬ 
stances, eliminated entirely. Conservation in 
the utilization of tinplate and in alloys con¬ 
taining tin is widespread. More tin is being 
reclaimed from scrap, including tin cans, 
than in peacetime. As a result of all these 
things, neither the war nor the civilian econ¬ 
omy is suffering much from lack of tin. 

Strangely enough, the situation in copper 
has been one of the tightest. To make copper 
available for certain purposes for which there 
are no good substitutes, thousands of tons 
of silver owned by the Government have 
been used for bus bars and other electrical 
conductors. It is expected that this silver 
will be returned to the vaults after the war. 
Thus, much of Uncle Sam’s available silver 
is now leading a double life. Even though 
it has sent thousands of tons of copper to the 
battle fronts, the silver is as valuable as be¬ 
fore as a money base* It is also an example 
of how weird a war economy may become. 
In one of the new aluminum reduction pot- 
rooms equipped with silver bus bar electrical 
conductors, the value of the silver is greater 
than the value of the remainder of the plant. 

An intensive development program on steel 
cartridge cases, to substitute for brass, has 
produced results sufficiently promising to 
afford comfort if copper and zinc are not 
available in sufficient quantities. 

One of the great achievements, especially 
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from the standpoint of quality, is the expan¬ 
sion in the production of alloy steel. Elec¬ 
tric steel furnace capacity alone is now 
about 5,000,000 tons a year, or around three 
times that of prewar capacity. The total 
alloy steel capacity is about 15,000,000 tons 
annually. One reason for the higher pro¬ 
duction is the extensive use of the N.E., or 
National Emergency, steels. These were de¬ 
vised for the purpose of conserving the sup¬ 
ply of steel alloying elements. The amount 
of these elements in the scrap is carefully 
ascertained. Much of the scrap is a sort of 
iron-base “goulash.” A fortunate circum¬ 
stance makes this goulash suitable for the 
conservation of the alloying elements. It 
is found that small amounts of these ele¬ 
ments, when present simultaneously in a 
given steel, produce substantially greater 
“hardenability” than that calculated from 
the effects of the same elements used singly. 
The principle is employed in making alloy 
steel from both scrap and new metal, result¬ 
ing in a greater tonnage of alloy steel from 
the available alloying elements. The Iron & 
Steel Institute deserves much credit for lead¬ 
ership in the National Emergency steel pro¬ 
gram. 

The effect of the war on the light metals 
aluminum and magnesium has, perhaps, been 
the most sensational. The dislocations from 
peace conditions have been great as com¬ 
pared with those of the other common metals. 

The War Metallurgy Committee has taken 
a very active part in the aluminum expansion 
program. Both Research and Advisory Di¬ 
visions have worked closely with the Alumi¬ 
num and Magnesium Division of the War 
Production Board since 1941. Much of our 
aluminum ore, bauxite, was imported from 
Dutch Guiana, and the German submarines 
made transportation hazardous. Our domes¬ 
tic reserves of low-silica bauxite seemed 
wholly inadequate for a long war. Plans 
were made and put into effect to utilize our 
much larger reserves of high-silica bauxite, 
and a longer range program was planned to 
recover aluminum from clay, if necessary. 

For decades it has been possible to recover 
aluminum from clay, but when low-silica 
bauxite containing more than 50 per cent 


aluminum oxide is available at low cost, it 
is uneconomical to use a clay with, say, 35 
per cent aluminum oxide and high silica. If 
it becomes necessary to use clay or some other 
other raw material because suitable bauxite 
is not available, then this can be done. It is 
desirable to know which clays to use and 
what are the most economical processes for 
treating them. This has been the subject of 
much investigation and research, and it can 
be confidently stated that in the future the 
United States can be made independent of 
foreign bauxite for war purposes. With 
present knowledge this independence can be 
had only at the expense of additional equip¬ 
ment and manpower. 

The magnesium expansion is unusual, 
partly because vast quantities were required 
for purposes other than structural, namely, 
for incendiaries and pyrotechnics. The in¬ 
creased need for its structural uses is, how¬ 
ever, imposing. It helps to make aluminum 
alloys stronger and, when used as magne¬ 
sium-base alloys for certain aircraft parts, 
it saves weight. 

One of the interesting features of the ex¬ 
pansion program was the use of the ferro- 
silieon reduction process. Most of the in¬ 
crease was effected by the conventional proc¬ 
ess, including sea water as one source of raw 
material. Direct current electricity is re¬ 
quired for this process. Because of the 
upped aluminum program, which also re¬ 
quired direct current, it appeared that there 
would not be enough direct current to make 
the required amount of magnesium. By 
utilizing alternating current in the manu¬ 
facture of f errosilicon and by using the latter 
to reduce magnesium from burned magne¬ 
sium limestone in a vacuum at high tempera¬ 
tures, the extra capacity was provided. 
Equipment for producing more than 100,- 
000,000 pounds of magnesium per year by 
this process is now installed. 

In general, the problems of metal supply 
were solved by a combination of the follow¬ 
ing : increased production, substitution, con¬ 
servation, and restricted uses. The shortages 
were attacked on all these fronts simul¬ 
taneously, with such success that these prob¬ 
lems are now mostly a matter of history. 



SCIENCE ON THE MARCH 


THE NEW DIVISION OF HIGH-POLY¬ 
MER PHYSICS OF THE AMERICAN 
PHYSICAL SOCIETY 

The science of such materials as rubber, 
textiles, and pulp and paper has been ex¬ 
panding for decades. In the early stages of 
these studies the physical technologist de¬ 
veloped tests and experiments for determin¬ 
ing the mechanical and other physical prop¬ 
erties of these materials in their bulk state 
and in products fabricated from them. In 
the study of the intrinsic character of the 
materials, the chemist has advanced the 
knowledge of the constitution and molecular 
structure to a remarkably high degree. In 
recent years there has been much interest in 
the correlation of these two bodies of knowl¬ 
edge, tending to emphasize the spacial ar¬ 
rangements of the submicroscopic elements, 
as well as the quantitative relations between 
molecular properties and the properties of 
the materials in bulk. For their unique 
efficacy in studies in these domains, the 
principles and experimental techniques of 
modem physics have received expanding 
recognition. 

Concomitantly, the physicists engaged in 
research on these high polymeric materials 
have perceived a need for an organization 
that would provide improved opportunities 
for the exchange of information and ideas 
contributory to the attack on problems in 
the field of high-polymer physics. This need 
was brought into rather sharp focus when, 
with the entry of the United States into 
World War II, our supply of natural rubber 
was abruptly halted, and American industry 
turned to the large-scale production of syn¬ 
thetic rubbers, new and relatively unfamiliar 
materials. Under the impact of wartime 
urgency physicists in the rubber research 
laboratories of the country were called upon 
to accelerate their studies of the properties 
and fundamental behavior of the synthetic 
rubbers and to extend their research tech¬ 
niques to the newer types and formulations 
being produced. With the specialized field 
developing faster than text and reference 
books could be written and published, it be¬ 
came apparent that it was only to personal 
discussion with his colleagues that the re¬ 


search worker could turn for inspiration. 
Similar developments, though perhaps not 
quite so rapid, had occurred over the span 
of recent years in physical research on tex¬ 
tiles, plastics, and pulp and paper also. 

It was logical that the physicists engaged 
in high polymeric research should consider 
the formation of a division in the American 
Physical Society to fulfill their needs. Peti¬ 
tions to the Council of the Society for the 
establishment of a division to be devoted to 
the physics of high polymeric materials were 
circulated during the fall of 1943. These 
activities culminated in a meeting held, 
under the chairmanship of Dr. Warren F. 
Busse and at the invitation of Society offi¬ 
cers, at Evanston, Illinois, on November 12, 
1943. That same day the Council, respond¬ 
ing to the petitions and to a formal resolu¬ 
tion adopted by the meeting, authorized a 
division to be devoted to High-Polymer 
Physics. Thus, within one year a second 
division of the Society had been launched, 
the Division of Electron and Ion Optics hav¬ 
ing been authorized on May 1,1943 (Darrow, 
K. K, Ti-ie Scientific Monthly, p. 570, Dec. 
!943). 

An Organizing Committee consisting of 
Council representatives (headed by Dr. K. 
K. Darrow as chairman) and members of the 
Society sponsoring the new Division (led by 
Dr. J. H. Dillon) was subsequently ap¬ 
pointed by the President of the Society. The 
Committee went to work immediately on the 
precise formulation of the objectives of the 
Division, on drawing up By-laws, and mak¬ 
ing plans for the first meeting. Over 250 
original members were enrolled in the Di¬ 
vision by April 20, 1944. While the Division 
had had potential existence since its authori¬ 
zation, it was formally established at an In¬ 
augural Meeting held conjointly with that of 
the Society at Rochester, New York, on June 
23 and 24, 1944. This meeting, with its 
scientific program of twenty-two papers on 
physical research on rubbers, plastics, tex¬ 
tiles, and high polymers in general, was 
generally recognized as a marked success. 

The formal statement of the object of the 
Division, as incorporated in the By-laws, 
declares that object to be “the advancement 
71 
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and diffusion of the knowledge of the physics 
of high-materials of any kind. Illustrative 
examples include rubbers, textiles, plasties, 
pulp and paper, paints and varnish, leather/’ 
The scope of the Division is envisioned as 
being sufficiently broad to embrace alike 
the interests of those working in academic, 
industrial, and governmental laboratories, 
whether these interests be focused on the 
fundamental physics of high polymer be¬ 
havior or on the problems arising from the 
application of these materials to use by so¬ 
ciety. It is intended, however, that pre¬ 
caution be exercised to maintain the interests 
of the Division at a high scientific level, con¬ 
sistent with its relationship to the American 
Physical Society. It may be expected that 
as a result of the activities of the members 
and associates of this Division, High-Polymer 
Physics will emerge as a well-defined branch 
of the science of physics. 

Any Fellow or Member of the American 
Physical Society may enroll in the Division 
of High-Polymer Physics. For those scien¬ 
tists and research workers who are not mem¬ 
bers of the Society, but who are interested 
and qualified in higli-polymer science, the 
Division provides an associateship. Asso¬ 
ciates of the Division will receive announce¬ 
ments of, and may participate in, the activi¬ 
ties of the Division, lacking only the rights 
to vote and to hold office.—W. James Lyons, 
Division Secretary. 

PERENNIAL MATHEMATICS 

Mathematics is today enjoying an unprece¬ 
dented popularity among grown-ups. This 
is due in large measure to public awareness 
of the part mathematics is playing in the 
present war. W. L. Laurence wrote recently 
in the “Science in Review” column of the 
New York Times; “In no previous crucial 
period in the world’s history has mathematics 
played so vital a role. All our marvelous 
war weapons are basically the products of 
applied mathematics, which, in turn, is the 
offshoot of pure mathematics.” 

According to Dr. Frank B. Jewett, presi¬ 
dent of the National Academy of Sciences, 
mathematics has played an important part in 
the development of the gyroscope, the auto¬ 
matic pilot and bombsight, has been used to 
improve the accuracy of gunfire, and has 


helped to solve problems met in the design 
of big battleships and aircraft carriers. 
Mathematics has been applied to the study 
of vibrations, such as wing flutter in air¬ 
planes, and to elasticity problems, such as 
the expansion of a gun barrel, the twist of a 
ship’s propeller shaft, or the bending of 
metal plates in aircraft during flight. 

Without attempting to list all, or even a 
large portion, of the fields where mathe¬ 
matics has proved to be so essential, let us 
examine one ease where well-established pure 
mathematics has found new uses. Everyone 
knows that a great deal of mathematics has 
always been required to design a modern air¬ 
plane. Also, it has been generally recog¬ 
nized that the mass production of airplanes, 
calling for “correct detail parts which go to¬ 
gether without reworking in the final as¬ 
sembly,” has posed tremendous new prob¬ 
lems for the aircraft companies. 

An engineer for one of these companies 
has stated recently that solid analytic geom¬ 
etry can well be termed “mass production 
mathematics” as contrasted with the older 
methods involving trigonometry and de¬ 
scriptive geometry. For am pi ification of 
this statement one can consult several text¬ 
books that have been published during the 
past year. Furthermore, an examination of 
these shows that in addition to analytic meth¬ 
ods for the engineering, lofting, and tooling 
of aircraft, use is now made of the methods 
of synthetic projective geometry, one of the 
“purest” branches of mathematics. This 
branch is so “pure” that of late years it has 
been taught only occasionally and to very 
small groups of students, usually those pre¬ 
paring for graduate study. 

But the interest in mathematics on the 
part of many laymen began long before the 
war started. Mathematics for the Million by 
Ilogben was published in 1937. Although 
this book was not the first popular book on 
the subject, its influence has been very great. 
It has been reprinted many times and has 
been translated into eleven or twelve differ¬ 
ent languages. Because of its sales record 
(probably well over a million copies by now), 
it has been called the Gone with the Wind of 
mathematics. 

Certainly one reason for the success of this 
book lies in the manner in which the author 
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shows the uses of each bit of mathematics 
that he develops. Too often, in the old days, 
when mathematics was taught primarily as a 
mental discipline, little or no attention was 
paid to applications or to connections with 
other fields of learning. Fortunately today 
the wide-awake instructor has available a 
wealth of material to use for class illustra¬ 
tions or as collateral reading. 

E. P. Northrop, the author of Riddles in 
Mathematics—A Rook of Paradoxes (pub¬ 
lished in March, 1944, and reprinted two 
months later), gives an additional reason for 
popular interest in mathematics. 4 4 On the 
other hand, the abstract aspect of mathe¬ 
matics is beginning to attract a large follow¬ 
ing of people who, weary of the complexities 
of the human equation in everyday activities, 
turn in their leisure to the simplicities of the 
mathematical equation. 1 ” Plenty of books 
are now available for such people, books 
that make very little demand on founda¬ 
tion material, but books which do require 
careful and attentive reading. 

But what of the popularity of mathe¬ 
matics with our young people? Here, 
frankly, the score is not so good. Thou¬ 
sands of them were certainly caught short 
mathematically when the war started. Dur¬ 
ing the easygoing thirties, mathematics grad¬ 
ually ceased to be a required subject in most 
schools and colleges. Since it is generally 
regarded as a 44 hard” or difficult subject, 
students, following the line of least resis¬ 
tance, failed to elect it, frequently on the 
advice or with the blessing of their advisers. 
Since the war began, many of our young men 
have had a concentrated dose of mathematics , 
rammed down their intellectual throats in a 
hurry. How they will react to this experi¬ 
ence remains to be seen. Doubtless some of 
them will never again want to see a book 
dealing with mathematics, others may have 
found out that mathematics is not so bad 
after all, and a few may even have dis¬ 
covered a passion for it. 

The outlines of postwar education are cer¬ 
tainly not clear at the present time. But 
of this much we can be certain: Mathematics 
as a school subject, far from dying out, will 
continue to be taught. And mathematics— 
the oldest of the sciences—will continue to 
supply the tools and to lead the way for the 


other sciences. Also, it will continue to en¬ 
rich logic and philosophy and other broad 
areas of human understanding.—H arold L. 
Dorwart. 

AIRCRAFT FROM THE SEA 

Britain, during the present war, has dis¬ 
covered that if the sea that laps her boun¬ 
daries on every side is no longer itself a 
certain bulwark against invasion, it remains 
a material vital to her defense. For it is 
from the sea that Britain has been obtaining 
the magnesium that is so important a part 
of those strong but light alloys from which 
aircraft are built. The Royal Air Force 
today flies largely with the aid of magnesium 
thus extracted. 

To the ordinary man, sea water is simply 
44 salt”; but there are a great many chemicals 
dissolved in the water besides sodium chlo¬ 
ride, or common salt. The substance so 
valuable to Britain during the war has been 
magnesium chloride, present in sea water to 
the extent of 1 part in 800. This may seem 
a trifling amount, but the sea is vast and 
even a cubic mile of sea water contains many 
thousands of tons of the metal. With Ger¬ 
many in possession of the minerals from 
which most of the world's magnesium had 
been obtained, Britain decided to turn to the 
sea and built two plants for magnesium ex¬ 
traction in the greatest secrecy. It is only 
recently that the existence of these “fac¬ 
tories,” handling 11,000,000 gallons or more 
of sea water every day, has been revealed. 

The chemistry of turning the magnesium 
chloride dissolved in sea water into the shiny 
white metal that enters so largely into the 
construction of aircraft, incendiary bombs, 
and many other weapons is fairly simple. 
The magnesium is thrown out of solution by 
adding lime, which forms an insoluble hy¬ 
droxide. This is filtered off, dried, and then 
taken to other factories where the magnesium 
metal is made in the usual way. It is worth 
recalling that rapidly improved methods of 
manufacture have resulted in magnesium 
changing from a laboratory curiosity into a 
metal cheap enough for use in bulk. In 
thirty years the cost has fallen from $4.00 a 
pound to less than twenty cents a pound. 

Although the chemical processes involved 
are simple, the engineering difficulties are 
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considerable because of the great scale on 
which the operations must be carried out. 
"Wartime erection of these plants in a matter 
of months was a remarkable feat of chemical 
engineering. Various considerations had to 
be taken into account in choosing a site for 
the operations. The amount of magnesium 
in the sea varies from place to place, and a 
point was chosen where the magnesium con¬ 
tent was highest. Arrangements had then 
to be made to ensure that currents and tides 
would carry away the discharged water—to 
have the many millions of gallons again 
drawn back into the plant would have been 
fatal. Waste water must be carried some 
distance from the intake. 

The water pumped into the plant through 
large pipes is first filtered and then passed 
to a tank where the finest particles of insolu¬ 
ble matter are removed. It passes to other 
tanks for precipitation by the addition of 
finely powdered lime. These tanks are very 
large—they have several times the capacity 
of a large swimming pool—and when the 
precipitated hydroxide has settled, the water 
is drawn off for return to the sea. The pre¬ 
cipitate is scraped up and carried to rotary 
kilns for drying and subsequent conversion 
into magnesium. 

In actual practice the chemical used for 
precipitation is not pure lime but a mixture 
of lime and magnesium oxide obtained by 
calcining the mineral dolomite, which is ob¬ 
tained from a conveniently situated quarry. 
The lime reacts with the magnesium chloride 
dissolved in the sea*water, and the magnesium 
oxide remains in suspension until filtered 
out. This is a purely British modification 
of the process. At one United States plant, 
where many millions of gallons of sea water 
a day are treated, precipitation is carried 
out with the aid of crushed oyster shells 
taken from the sea bed nearby. The shells 
are calcined into lime. 

Britain will never again have to look to 
other countries for magnesium. When the 
demand for the aircraft industry falls, the 
magnesium surplus will undoubtedly be used 
for making light alloys for a hundred do¬ 
mestic purposes—the shining metal sheets 
will probably play a great part in kitchen 
utensils of the future; they will give light¬ 
ness with strength in motorcar coaehwork 


and will be extensively used in the manufac¬ 
ture of toys, bathroom fittings, and other 
appliances. The exact amount of magnesium 
being taken from the sea cannot now be 
given, but it runs into six figures a year, 
measured in tons. 

Magnesium is not, of course, the only val¬ 
uable chemical that is dissolved in sea water. 
In the future, greater use will be made of 
the sea as a source of bromine, potassium, 
and phosphorus. Bromine, present to the 
extent of one pound in every 4,000 gallons, 
has already been extensively obtained from 
the sea in the United States for the manu¬ 
facture of “anti-knock” fuel of which the 
key substance is a lead compound dissolved 
in ethylene bromide. The extraction calls 
for very exact chemical measurements, and 
it is remarkable that these have been main¬ 
tained in a plant handling 60,000,000 gallons 
of sea water a day. 

The extraction of potash from the sea is 
possible but not economic in the present 
state of our knowledge. It is far more 
likely to be obtained, as wc procure our 
common salt, by using sea water that has 
been concentrated by some freak of Nature. 
There are estimated to be 2,000 million tons 
of potash, in the Dead Sea, and the chemical 
is easily obtained by evaporation. The 
amount of potash in the water is kept more 
or less constant by the rivers flowing into it. 

Copper, iodine, arsenic, and gold are some 
of the other elements present in sea water in 
minute quantities. The iodine used to be 
extracted from seaweed, but other sources 
now make this uneconomical. Although 
gold is present only to the extent of one part 
in 1,000 millions, the amount of gold in the 
oceans greatly exceeds that ever taken from 
the earth in the whole history of man. So 
far, no good process of extraction has been 
discovered, although a large number have 
been tried. It is possible that electrical 
methods may succeed, and that the ship of 
the future, towing a gold extracting device 
behind it, will literally be able to “pay its 
way” I The only difficulty seems to be that 
once this was accomplished, gold would im¬ 
mediately lose all value as a monetary sym¬ 
bol. Perhaps this will not cause any regret 
among the scientific people of the future !— 
A. M. Low, British Consulting Engineer. 
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WOODS HOLE 

The Woods Hole Marine Biological Laboratory . 

Frank B. Lillie. 284 pp. Ulus. 1944. $4.00. 

University of Chicago Press. 

A rich source of historic and biological 
information has been made available in this 
book. The author, Dr. Frank R. Lillie, in 
collaboration with Prof. E. Gr. Conklin and 
other noted biologists has brought together 
a surprisingly complete and interesting ac¬ 
count of the early efforts to establish a 
marine biological institution devoted to edu¬ 
cation and research. 

The generous interwoven references to the 
seaside laboratory founded in 1873 on Peni- 
kese Island in Buzzards Bay by Louis Agas¬ 
siz, noted American pioneer in the study of 
plants and animals as living entities in their 
natural habitats, to the Naples Zoological 
Station in Italy, and to other American and 
European stations, provide an illuminating 
story of the origin and development of insti¬ 
tutions devoted to the study of marine bio¬ 
logical problems. 

This volume is outstanding in value be¬ 
cause of the succinct review of progress in 
America of research and educational work 
in the important field of marine biology and 
the development of fundamental policies and 
practices vital to the success of other re¬ 
search and educational institutions. Em¬ 
phasis is rightly placed on the importance 
of administration by competent scientists 
and on reasonable freedom in research pro¬ 
cedures in solving biological problems. 

From personal experience, the reviewer 
can attest to the stimulating and helpful in¬ 
fluence of the formal and informal activities 
and relationships at this laboratory that have 
been so fittingly presented. While a uni¬ 
versity student assigned to the Bureau of 
Fisheries Station at Woods Hole, many 
courtesies were extended to him through in¬ 
vitations to attend special lectures at the 
laboratory and to participate in field trips. 
The informal contacts at the “mess,” which 
was shared with the fisheries men, and on the 
bathing beaches and athletic fields were valu¬ 
able features of the laboratory life. Later 
study at the Naples Station and many years 
spent in educational work and in conducting 


and directing biological research in state and 
federal departments afforded the reviewer 
opportunity to continue acquaintance with 
the outstanding leaders of research and edu¬ 
cational work who had been co-workers at 
Woods Hole. Pertinent, indeed, is the re¬ 
mark that “The influence of this laboratory 
in promoting peaceful co-operation in biology 
is one of its major by-products. J 9 

Marine organisms provide exceptionally 
favorable conditions for study of life his¬ 
tories and environmental relationships. This 
fact, coupled with the characteristic freedom 
of investigators in selecting their problems 
and techniques employed in their solution, 
accounts in part for the broad fields covered 
in published reports of results of investiga¬ 
tions. The period of time covered by the 
work of this laboratory has been a fruitful 
one in American biological research. In¬ 
vestigators at the laboratory at Woods Hole 
not only have kept pace with the rapidly de¬ 
veloping and diverse fields but have taken 
dominant positions of leadership. This is 
strikingly apparent as one reviews with Dr. 
Lillie the progress made over the years. The 
influence of Agassiz in stressing the impor¬ 
tance of intensive study of living organisms 
in relation to their environment persisted. 

Beginning in the familiar basic fields of 
classification and morphology, under the 
stimulus of the new approach, expansion into 
other fields advanced rapidly, yielding new 
and unexpected results of far-reaching sig¬ 
nificance. Studies in metamerism developed 
new interpretations of neuromuscular and 
sensory relationships and functions. The 
abundance and variety of reproductive proc¬ 
esses in marine organisms led to crucial 
studies in embryology. Critical analyses of 
cell structure and cleavage procedures by 
workers at Woods Hole resulted in discard¬ 
ing or sharply modifying previously held 
concepts and in development of a vast new 
field of research and interpretation of sex 
phenomena, including the highly significant 
behavior of the chromosomes. 

These investigations laid the foundations 
for the remarkable progress made by stu¬ 
dents at this laboratory in the fields of genet¬ 
ics and evolution, in general and expert- 
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mental physiology, and in physicochemical 
interpretations of vital processes and be¬ 
havior of organisms. Results of these bio¬ 
logical investigations have had a profound 
influence in the development of scientific 
medicine and medical research and education. 

Brief biographical sketches of four of the 
outstanding leaders in the development of 
this laboratory and its work add an interest¬ 
ing human touch to the closing features of 
the volume. A delightful account of the 
community life at Woods Hole and a brief 
resume of the origin and work of the closely 
associated Woods Hole Oceanographic Insti¬ 
tution and of the extent to which co-opera¬ 
tion of many federal agencies and educa¬ 
tional institutions throughout the United 
States has been enlisted bring the volume to 
a fitting close. Helpful appendices and a 
well-planned index add greatly to its use¬ 
fulness for reference proposes.—W. B. Bell. 

PLANT GEOGRAPHY 

Foundations of Plant Geography. Stanley A. Cain. 

xiv + 556 pp. Illus. 1944. $5.00. Harper & 

Brothers, New York and London. 

This volume, as the title implies, is not a 
textbook of plant geography but rather a 
broad inquiry into the basis of that science. 
That it is a much-needed volume goes with¬ 
out saying, for too much has been published 
on the subject without a clear understanding 
of basic principles on the part of certain 
authors. It is a very excellent example of 
a case where an individual has had the initia¬ 
tive and, through his own work and his re¬ 
markably wide study of the writings of spe¬ 
cialists, the ability to make mental excur¬ 
sions into fields far beyond the scope of his 
own specialty and to synthesize conclusions 
from a wide variety of special fields. While 
it is true that in some cases a mental excur¬ 
sionist may sometimes draw conclusions that 
a specialist might not consider to be war¬ 
ranted, this is no reason why such excursions 
should not be undertaken. Too often the 
specialist working within a strictly limited 
field may draw only partial conclusions, 
quite missing certain wider implications be¬ 
cause of his lack of knowledge of, or lack of 
interest in, the wider aspects of the subject. 

The need is very great for just this type 


of work, for in it the author has assembled a 
remarkably wide range of data, quoting this 
author's conclusions here and that author's 
conclusions there j yet he has had the courage 
of his convictions, and when he has disagreed 
with certain conclusions, for reasons that 
have appeared justifiable to himself, he 
has not hesitated to say so. And yet the 
author would be the last to claim that his 
own conclusions are always correct, or that 
the data cited to bring out certain points are 
always the best published examples. Clearly 
this volume does not fall in the category of 
an uninspired text, prepared just to make 
another volume, for it is a work that can be 
studied to advantage by specialists in a wide 
variety of subjects, ranging from taxonomy 
to genetics, from paleobotany to polyploidy, 
and from the nature of species to endemism. 
It is a work that should be read and digested 
by all professional botanists no matter what 
their special fields may be, and above all, one 
that should be intensively studied by all ad¬ 
vanced students in botany, again, no matter 
what their thesis subject may be. 

The volume is divided into five parts, the 
first consisting of a treatment; of plant geog¬ 
raphy as a borderline science and an analy¬ 
sis of previously proposed principles. Part 
two, Paleoceology, eight chapters, is devoted 
to various aspects of paleobotany m applied 
to modern aspects of plant geography. Part 
three, entitled Aerography, ten chapters, in¬ 
volves discussions of such diverse subjects as 
concepts of area, dispersal and migration, 
criteria for determining centers of origin, 
endemism, senescence, discontinuous distri¬ 
bution, vicarious forms, polytopy and poly- 
phylesis, and the theory of differentiation 
in relation to the science of area. Part four, 
Evolution and Plant Geography, four chap¬ 
ters, involves a consideration of the nature 
of species, isolation, causes of species sta¬ 
bility, and the rate of evolution and specia- 
tion. Part five, five chapters, is entitled 
Significance of Polyploidy in Plant Geogra¬ 
phy, involving a discussion of various aspects 
of polyploidy. 

The extraordinarily wide reading prose¬ 
cuted by the author in connection with the 
preparation of this work is evidenced by the 
carefully prepared and critically cheeked 
terminal bibliography, consisting of 720 
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titles, literally from tlie published literature 
of the world. Acknowledgment is made to 
a long list of individuals who assisted in one 
way or another or who read portions of the 
manuscript, but the author remarks that by 
no means all who have read parts of the 
manuscript will be in total agreement with 
the final product. 

Many who read and study this volume will 
doubtless recall various published items that 
may better illustrate certain points than do 
the cases cited. Some will note minor errors 
of one type or another. Others may passively 
or actively disagree with certain conclusions. 
But regardless of any criticism, the fair- 
minded individual can but admit that the 
author has performed a real service for 
botany sensu latiore in bringing together 
from the remarkably widely scattered litera¬ 
ture, a general synthesis of the basis of our 
modern concepts of plant geography. Were 
I to select any single aspect of the work for 
criticism, it would be what appears to me 
to be an undue use of highly technical terms, 
a factor that seems to be particularly char¬ 
acteristic of plant ecology, and one that un¬ 
doubtedly has had a retarding effect on the 
development of this field of modern botany. 
True, in the modern science of genetics, a 
wide range of highly technical terms have 
been devised within the present century, but 
as genetics has fallen in the “required” 
category of so many institutions, its special 
technical terms are now very widely accepted 
and in general are thoroughly understood 
by trained botanists and by graduate stu¬ 
dents. Plant ecology and plant geography 
being collateral subjects, of much interest 
but not so basic as genetics in our present 
scheme of things, are in general not required 
subjects, but are electives, and so attract a 
smaller number of students. The net result 
is that the complex terminology that has been 
developed by certain schools of ecology con¬ 
tain an extraordinary number of highly tech¬ 
nical -and limited terms. From the following 
list, selected more or less at random, how 
many general readers or trained botanists 
for that matter, could define offhand such 
terms as anemochore, autecology, chorology, 
cline, clisere, commiscuum, ecesis, epizoo- 
chore, geosere, hydrochore, isoflors, migrule, 
paedomorphosis, phylad, phytocoenosis, poly- 


chronism, propagule, refugium, sere, soma, 
sympatric, synusiae, and xerochase? In the 
work under consideration these and many 
other highly technical terms are used, and 
possibly their use in a text of this type is 
unavoidable; this is especially true when 
such highly technical terms appear in quoted 
passages, for then there is no way of avoid¬ 
ing them. Clearly, technical terms that nar¬ 
rowly define certain concepts are needed in 
special sciences, but nevertheless one cannot 
escape the conviction that in some sciences 
the art of coining such terms has been car¬ 
ried too far. However, in this case any such 
criticism as that above indicated is a very 
minor matter as the volume is supplied with 
an excellent and concise glossary, pages 474- 
490, in which all technical terms used in the 
work are clearly defined. 

A sense of humor is evident in certain 
eases, such as the author’s comment on his 
nonacceptance of the Neo-Lamarkian con¬ 
cepts of one author, and especially in his 
quoted passage regarding the Lower Missis¬ 
sippi River Delta, on the basis of the plethora 
of new species of Iris described from there in 
1931, being the “Iris center of the universe,” 
and Cooper’s exceedingly naive explanation 
of this phenomenon, characterized as the 
“flotsam and jetsam theory” and which 
“needs no further comment because of its 
patent ecological absurdity.”—E. D. Mer¬ 
rill. 

FORESTRY ON PRIVATE LANDS 

Forestry on Private Lands in the United States. 

Clarence F. Korstian. 234 pp. Ulus. 1944. 

$1.50 cloth; $1.00 paper. Duke University, Dur¬ 
ham, N. C. 

In 1942 the author, who is dean of the 
School of Forestry, Duke University, and a 
■well-known silviculturist, made a study at 
the request of the National Lumber Manu¬ 
facturers Association of the application of 
forestry practices on privately owned forest 
lands in the United States. Because of con¬ 
flicting statements in recent years by forest¬ 
ers themselves about the progress of private 
forestry, with resultant confusion in the 
minds of the general public, this book is im¬ 
portant and timely as an appraisal of past 
accomplishment and as a blueprint of future 
needs. 
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Perhaps America's most valuable renew¬ 
able natural resource, important in peace 
and essential strategically in war, forests 
were wastefully exploited, cut, and burned 
for nearly three hundred years before or¬ 
ganized public opinion demanded protection 
from fire and the setting aside of reserves 
such as national and state forests. At the 
turn of the century a few schools of collegiate 
grade began offering technical courses in 
forestry, and a body of professional knowl¬ 
edge was laboriously created. 

An intelligent observer of the forest con¬ 
servation movement will perceive that 
whereas forest exploitation has existed as an 
economic way of life for three centuries, 
forestry as a profession has existed for less 
than half a century. Notwithstanding this 
disparity, out of 345 million acres of pri¬ 
vately owned forest land in 37 states, 29 
million acres are under sustained-yield man¬ 
agement for forest products industries; 72 
million acres are under continuous produc¬ 
tion but not under sustained yield; and 207 
million acres are restocked or potentially 
productive. A remainder of 37 million acres 
is in nonproductive condition. 

Prior to the war nearly 1,000 foresters 
were employed by the forest products in¬ 
dustries in forest land management, or a 
ratio of 151,000 acres to each forester. Dr. 
Iiorstian points out that on a basis of 25,000 
acres to each forester, a ratio which he ap¬ 
parently believes is needed, at least 4,000 
foresters should be engaged in the manage¬ 
ment of industrial forest holdings. 

To determine the measures needed to 
remedy the private forestry situation, the 
author sampled facts and informed opinion 
in eight selected states representative of the 
nation's four important forest regions, and 
then evaluated the suggestions and informa¬ 
tion obtained. 

As was to be expected, he reports that “the 
first basic requirement for the practice of 
forestry, whether on public or private forest 
lands" is adequate fire prevention and con¬ 
trol. Satisfactory protection he found espe¬ 
cially lacking in the South. He recommends, 
as a supplement to adequate protection, pub¬ 
lic control of public use of private forest 
lands. 

In the public programs of education and 


co-operative assistance to private owners he 
finds much to commend, particularly exten¬ 
sion activities, farm forest co-operatives, and 
co-operative research. But he warns against 
the tendency for the number of federal 
agencies engaged in this work to increase 
and makes a convincing plea for co-ordina¬ 
tion of their activities. 

The establishment of sustained-yield man¬ 
agement units is recommended where heavily 
capitalized industries with communities de¬ 
pendent on them must obtain their wood 
supply from publicly and privately owned 
lands. 

Although the author strongly recommends 
equitable taxation as an inducement for pri¬ 
vate ownership to practice forestry, he finds 
that taxation is more important as a factor 
in preventing reforestation than as a cause 
of clear cutting and forest liquidation. 

Dr. Korstian discusses at length what is 
perhaps the most controversial issue involved 
in the problem of keeping private forest 
lands continuously productive—public con¬ 
trol of cutting practices. In his opinion 
some form of public control appears inevita¬ 
ble. His conclusion is: 

The regulation, of foroHfc cutting practices should 
ho enforced by the states as soon as adequate control 
of forest fires has boon provided. . . . Icicle of ade¬ 
quate fire protection in a state, however, should not 
forestall the formulation of a code of desirable for- 
ostry practices for that, state, ho that the code may 
have prompt legislative approval and administrative 
enforcement upon the attainment of adequate fire 
control. 

Finally, he calls for more aggressive pro¬ 
grams by national and regional forest prod¬ 
ucts industries associations to provide for 
technical assistance in the practice of forestry 
by industry, for encouragement by industry 
of legislation for forest protection and pro¬ 
duction, for support by industry of state 
forestry agencies in developing cutting prac¬ 
tices, and for increased research by industry 
in management, utilization, and marketing. 

An appendix includes a brief glossary of 
technical terms and a draft of a model bill 
for state control of private cutting practices. 
The bibliography will be found helpful. The 
photographic illustrations have been well 
selected and clearly reproduced. 

The book is an important addition to the 
literature of forestry because it promotes 
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: better understanding of private forest con¬ 
ditions and the measures needed to make 
private forest lands productive.— Henry 
Clapper. 

AGRICULTURAL CHEMISTRY 

A Source Boole of Agricultural Chemistry. Charles 

A. Browne. 290 pp. Ulus. 1944. $5.00. 

Chronica Botanica Co., Waltham, Mass. 

This book by Dr. Browne, who is eminent 
both as a chemist and as a historian of sci¬ 
ence, constitutes a most valuable contribu¬ 
tion to the general field of science history. 
Its value lies not so much in the thoroughness 
with which the evolution of this relatively 
new subject of agricultural chemistry is dis¬ 
sected and traced but in the mode of ap¬ 
proach, which may well serve as a model to 
future scholars in the history of science. 

The work is called a source book rather 
than a history because the work of each in¬ 
vestigator discussed is represented by poig¬ 
nant and characteristic quotations. This is 
a useful practice, unfortunately too often 
neglected. Nothing can replace the flavor, 
style, and logic of an original text. No de¬ 
scription of Paracelsus, for example, can 
convey to the reader the nature of his origi¬ 
nality, his flamboyance, his prejudices, ego¬ 
tism, and other idiosyncracies as much as a 
good citation from his works. 

Yet Dr. Browne does not fail to present 
helpful evaluations of the philosophers and 
scientists who qualify as agricultural chem¬ 
ists. These are cited in historical sequence 
from Thales (about 640-546 b. c.) to Liebig 
(1803-1873). His comments are lucid but 
terse; critical yet unobstructed by dogma 
and the all-too-common will to judge and 
condemn. Each author is placed in proper 
perspective with respect to the prevailing 
beliefs of his period as well as to the course 
of development of agricultural knowledge. 

I believe the following quotation from Dr. 
Browne’s text (page 92) is typical of his 
approach, his historical perspicacity, and 
clarity of expression: 

Jethro Tull (1674-1740):—As the chemist re¬ 
views the various theories of plant nutrition which 
had been proposed up to the time of the publication 
,o£ Hales’ 1 < Vegetables Staticks” he will note that 
different investigators emphasized some one particu¬ 
lar element or factor as of dominant importance. 
Van Helmont, Bacon, Boyle, and others selected 


water as the chief element from which crops derived 
their nourishment; Mayow emphasized the impor¬ 
tance of the fire-element or phlogiston; Glauber and 
many others of his persuasion attributed everything 
to nitre; another smaller group, of which Woodward 
was the precursor, called attention to the needs of 
earth. The leading advocate of the doctrine that 
earth was the chief factor in nutrition of crops was 
the celebrated English agricultural writer and 
farmer, Jethro Tull. 

Tbe author follows these devious routes of 
the human mind in its search for knowledge 
and truth. He calls attention to many con¬ 
tributors and contributions that had been 
neglected by previous historians and corrects 
past disregard of some investigators and the 
overstressing of the significance of others. 
The effect of the book is much like that of a 
novel or drama in which the plot is logically 
and absorbingly developed. And indeed a 
drama it is with mankind as the hero work¬ 
ing through brilliant minds that spring up 
here and there ready to detect problems and 
grapple with them in a timeless strife; wad¬ 
ing in error for centuries and yet clearing up 
one truth here and another there, until in 
the course of one or two thousand years a 
mighty edifice of knowledge stands erected, 
ready for further progress. 

To my mind the book shows how much 
more can be learned from a history of a spe¬ 
cific scientific pursuit than from a general 
account covering all sciences. Prom read¬ 
ing a history such as this, one cannot fail 
to get a clear conception of the evolution of 
agricultural chemistry, its founders and 
builders, their mode of approach, obstacles, 
and achievements. The reader invariably 
gets a clear idea of what a hard struggle 
progress entails. In the words of Dr. 
Browne (page 180): 

As tbe student reviews tbe developments in the 
history of agricultural chemical science, he is re¬ 
peatedly impressed by the slowness and apparent 
reluctance of investigators to revise their opinions 
even long after the time when the unreliability of 
their views had been demonstrated and exposed. 

Perhaps few general histories of science 
come sufficiently close to historical grassroots 
to actually be in a position of demonstrating 
the true educational and intellectual value 
of science history. The volume under re¬ 
view accomplishes precisely that to a degree 
seldom equalled. 

Besides full accounts of the views and 
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experiments in the field of agricultural chem¬ 
istry and the telling quotations already re¬ 
ferred to, the Source Book is also replete with 
interesting reproductions of diagrams, tables, 
apparatus, and title pages of the original 
works cited. After the discussion of each 
scientist, his relevant writings are cited and 
often a full list of their editions is given. 
The book is a remarkable achievement and a 
beacon for future historians.— Mark Grau- 

BARD. 

PRACTICAL PLANT ANATOMY 

Practical Plant Anatomy . A. S. Foster. 355 pp. 

1942. $2.50. D. Van Nostrand Company, Inc., 

New York. 

Since the time of De Bary a wealth of 
anatomical theories and information has ac¬ 
cumulated, resulting often in confusion of 
the beginner in the study of plant anatomy, 
and even in some seasoned specialists of the 
field. It is heartening to learn of a new ana¬ 
tomical book that will greatly aid in reduc¬ 
ing the confusion and will narrow the hiatus 
between theory and practice in the teaching 
of plant anatomy. Foster's Practical Plant 
Anatomy fills a definite need because no other 
educationally sound and up-to-date guide 
on this subject has so far been published. 
However, this book is in no way a substitute 
for any one of the standard texts in plant 
anatomy, or for collateral reading in selected, 
modern anatomical literature. This work 
will articulate the practical study of labora¬ 
tory material with selected modern interpre¬ 
tation and theory. A realistic foundation 
in plant anatomy is not obtained through 
lectures on theories but rather by laboratory 
experience. It is necessary for most of us 
to see and work with the actual material. In 
addition Foster's book presents the best 
fundamental material on apical meristems, 
not sufficiently covered by available texts. 
This last point alone would justify its 
publication. 

The book consists of fourteen exercises. 


Each exercise is initiated with an introduc¬ 
tion that briefly but clearly summarizes the 
present level of interpretation of the subject. 
This should aid the student to critically 
evaluate theory in relation to practice. The 
value of the book might have been enhanced 
if the writer, instead of explaining every¬ 
thing to the student, had introduced problem 
questions and had encouraged the drawing 
of inferences. Through such problems a 
student attains a new freedom and confidence 
in his own ability to observe. 

Materials suggested under each exercise 
are usually readily available to most teachers 
of the subject. References are often made 
to plants of immediate economic importance. 
At the end of each exercise several references 
are suggested for collateral reading. In 
these, as well as through the text portion, 
textbooks are occasionally cited with refer¬ 
ence to pages. 

In the exercise on the classification of cell 
types, tissues, and tissue systems a discussion 
is presented dealing with the classification 
systems of Sachs, Haberlandt, and Eames 
and MacDaniels. This discussion is followed 
by a tabular summary of main cell types in 
seed plants. This method of presentation 
should be quite useful to students. 

The exercises are presented in the follow¬ 
ing order, under the headingss The Proto¬ 
plast; The Cell Wall; Meristems; Problems 
in the Classification of Cell Types, Tissues 
and Tissue Systems in Vascular Plants; The 
Epidermis; Parenchyma Cells; Collenchyma 
Cells; Selereides; Fibers; Traeheary Ele¬ 
ments; Sieve-tube Elements; The Stem; The 
Leaf; and the Root. A short appendix con¬ 
tains some of the more useful methods of 
mieroteehnic with application to anatomical 
problems, A complete index covers thirteen 
pages. 

This new guide book to plant anatomy is 
a very definite contribution to the subject, 
and will find a definite place in college and 
university laboratories.— Glenn W. Blaydes* 
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An Obstacle to a Science of Education 

An examination of the literature dealing with the 
aims, aspirations, methods, and philosophy of science 
shows an increasing number of individuals embrac¬ 
ing the hypothesis that an application of the meth¬ 
ods of science to the study of society will result in 
an increasing amelioration of the ills of society. 
Possibly some workers consider this no longer a 
hypothesis but conclude that it has been demon¬ 
strated—in certain areas in economics, sociology 
(especially in population studies), industrial psy¬ 
chology, and in learning—to mention but a few 
fields. It is perhaps on this basis, having seen the 
result of the application of science to problems of 
society, that C. I. Glicksberg writes (The Scientific 
Monthly, July 1944, p. 20): 

“All science teaching, particularly on the secon¬ 
dary school level, must be ‘ impure, 5 applied, hu¬ 
manly practical and significant. It should be con¬ 
cerned not only with machines, amperes, atoms, 
motion, light, heat, electricity, and chemical formu¬ 
las ,* its scope is the entire universe, all of human life. 

“It includes such unorthodox and relatively un¬ 
explored subjects as economics, politics, human na¬ 
ture, love, hate, war, dreams, myths, religions, atti¬ 
tudes, opinions, beliefs, values, truths. All these 
fall within the spacious province of science. 7 7 

The superb enthusiasm of Dr. Glicksberg and his 
hopes and desires in the significant area of education 
strike a resonant chord in the present writer, who 
has the same hopes and desires. But Dr. Glicks¬ 
berg’s fine article contains, at once, the elements 
that may tend to bring education toward the status 
of a science and the elements that are neutralizing 
this advance and are maintaining education as a 
field where authority, argument, wishful thinking, 
and armchair philosophies reign. If superstition, 
authority, argument, and scientific method are the 
phases through which any given subject progresses 
toward the status of a science, then education is im¬ 
prisoned in its largest segments by authority and 
argument. And if one is to define superstition as 
belief for which evidence is lacking, then, in the 
writer's opinion, some of the theories of education 
are based firmly on superstition. This is especially 
true of the theories concerning classroom practice. 
On the other hand, a strong and persistent movement 
has shown itself in the attempt to place education 
firmly on a wide base of data gathered experimen¬ 
tally. 

Dr. Glicksberg has done science education a service 
in stating his point of view, which he also generously 
admits has been stated, perhaps in different form, 
by Pearson, Bernal, Hogben, Dewey, Korzybski, 


Levy, Growther, and others. The social responsi¬ 
bilities of the science teacher have been emphasized 
throughout the teachers 7 colleges, particularly by 
Powers, of Teachers College, Columbia University. 
At the same time, Dr. Glicksberg has allowed him¬ 
self the luxury of arguing the cause of science with¬ 
out restricting himself to the evidence; in that sense, 
the cause of science education has not been served. 
A few examples should clarify this point. Dr. 
Glicksberg states: 

“To be successful, such a course would have to 
deal with problems that challenge the interest of the 
young. History teachers, English teachers, and sci¬ 
ence teachers could join forces in helping students 
to undertake simple research in some such problems 
as: What is intelligence? Is there a close correla¬ 
tion between intelligence and race? Is character 
the result of heredity and environment, or both, and 
in what proportions? What characteristics are in¬ 
herited and what acquired? Why do many people 
act irrationally? How does the human mind work? 
What is hypnotism? Are people highly suggestible? 
How is this used by business and political interests 
to influence the minds of men? Is mental telepathy 
scientifically confirmed? Is it possible to foretell 
the future? Many of these problems no doubt will 
prove highly difficult, perhaps insoluble, but it is a 
profitable experience for the young to taclcle them 
even if in the end they feel baffled. For that is a 
good way of putting tlxo scientific method actually to 
work and testing its range of operational validity." 

What is the evidence for the statement I have 
italicized above? Possibly a suitably devised ex¬ 
periment would show that the young do not profit 
from tackling problems unless a reasonable amount 
of scientifically gathered data is available to guide 
them in their critical thinking. 

Again, Dr. Glicksberg states: 

“This is but another way of saying that depart¬ 
mentalized instruction, which attempts to feed stu¬ 
dents knowledge regardless of their interests or 
needs, is ineffectual. Nothing is more potent in 
one 7 s own education than his factually-founded reali-' 
zation of the inexorable nature of scientific occur¬ 
rences. 7 7 

What experiment can he cited; what data exist to 
support the statement that such teaching “is inef¬ 
fectual 7 7 ? The second sentence of this statement is 
especially strong; the use of the words “nothing is 
more potent ” is to be questioned in the light of the 
fact that no evidence or a statement summarizing the 
evidence is given supporting this assertion. 

Further, Dr. Glicksberg states: “It is in the 
schools that the battle of science will be fought— 
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and lost or won.** This is a conclusion that seem¬ 
ingly lacks data to support it. It is evident that a 
youngster does not get all his education in school; 
as a matter of fact, he spends the greater part of 
his time out of it. 

Of course, one might contend that Dr. Glicksbcrg *s 
paper presents a point of view and therefore is not 
primarily concerned with evidence. The question of 
critical importance is this: Should not individuals 
who believe in the efficiency of the scientific method, 
who believe it to be the one method whoso application 
will solve many of the world *s ills, restrict themselves 
to conclusions that conform to existing evidence? 

It would have been of great value if Dr. Glicks-> 
berg had been able to show that studonts who have 
had a type of education that has forced them to 
examine social problems scientifically are, in com¬ 
parison with the control group, superior in dealing 
with such problems. 

Others also have hastened to confuse hypotheses 
with conclusions. One high-school text in physics 
may be cited —Physics of Today , by Clark, Gorton, 
and Sears. The book is a mass of data; it holds 
itself strictly to conclusions based on those data. But 
after an introduction in which a simple experiment 
is given, designed to show the difference between 
jumping to conclusions and testing the hypothesis, 
the authors state: "We study science to help us 
think correctly instead of jumping to conclusions. 
By the time you have finished your study of physics 
you may bo able to reason as well as you can read. ** 
What is the evidence that individuals who finish a 
study in physics may bo improved in their ability 
to reason as well as they can road? What is the 
relationship between reading score and successful 
reasoning in physics in the first place? Or is this 
statement merely a residue of the dogma of formal 
discipline? 

It would be a very easy task to show that teachers 
who are writing articles in chemistry, biology, phys¬ 
ics, and other sciences are not adhering to the prac¬ 
tice of the scientific method they bring to their stu¬ 
dents. In short, on the basis of all his readings in 
education and of his observations at education semi¬ 
nars this writer is forced to conclude that educators 
are not always ready to discard beliefs for which 
little or no data are available. Surprising or not, 
the same conclusions may be drawn from observations 
in science education, where, presumably, there has 
been more opportunity to deal with the philosophy 
and methods of science. 

An acceptable working hypothesis might be one 
which supposes that as workers in the field of edu¬ 
cation adopt the rigorous methods of science, so much 
nearer shall we he to the realization of a science of 
education. 

Sometimes, as one reads material in education he 
finds that the word "reason * 7 is used synonymously 


with "scientific method.** Somehow or other it is 
supposed that young people who reason through their 
problems will bo using the scientific method. The 
latter is so closely identified with reason that many 
educators forget that science reasons with the facts 
obtained through an experiential method. A rea¬ 
soned statement without data is a " hypothesis . 7> 
With the data to support it, it reaches the status of 
a conclusion. This point may bear some discussion. 

After Pasteur *s monumental investigations that led 
to the germ theory of disease, reasoning alone might 
have ascribed the cause of such nutritional deficiency 
diseases as pellagra, scurvy, and beriberi to some 
germ, but investigation (reasoning with data) showed 
the chemical nature of those diseases. .Reasoning as 
such found that two balls of different weights would 
fall to the ground at speeds related to their weights,, 
but Galileo *s experiments negated this reasoning. 
The Roux-Weismaan theory of mosaic development 
was reasoned from the presumed behavior of the 
chromosomes, but investigation did not support it. 
It was reasonable to assume that the orbits of the 
planets were circular until Tycho Brahe and Kepler 
reasoned differently from investigations and found 
them to be ellipses. 

Is it possible to say that at present armchair reas¬ 
oning about the problems of education can produce 
hypotheses and not solutions because data, scientifi¬ 
cally observed, are lacking? And what progress can 
bo made by basing one hypothesis on many others? 
This practice may result in injury to the vary 
youngsters whoso development wo hold so snored. 

But we must not be too pessimistic. Science edu¬ 
cation, whether a result of the efforts of the school 
or not, has not boon a complete failure. Witness one* 
of our ordinary citizens who knows something of the 
way in which an automobile works. Ills car stops 
because of some faulty operation. Notice bow at 
once ho checks Ms different hypotheses: ho checks 
his spark plugs, his fan, Ms water, Ms gas, before 
he comes to a conclusion. 

We want to, and we must, go further. Wo should 
like every citizen to be in a small measure his own 
sociologist, his own economist, his own nurse, his own 
victory gardener, his own anthropologist. Our citi¬ 
zen, in the words of Hogben, should have a basis for 
the rational judgment about the things that affect 
Ms social welfare. 

Very well. It is clear that science educators, who 
have seen what the scientific method can do when 
it is applied to cracking of petroleum, to the conquest 
of smallpox and diphtheria, to the study of isotopes, 
to the study of varieties of Homo sapiens, are bound 
to apply this scientific method to a study of how 
best to educate young people so that these young 
people can apply these methods to a solution of their 
personal problems. 

Time is fleeting. We should begin at once to verify 
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scientifically those hypotheses that are on rampage 
through works in education and also, strangely 
enough, are finding a resting place in works in science 
education.— Paul E. Brandwein, Teachers College, 
Columbia University. 

Leishmaniasis in Texas 

The paper on Cutaneous Leishmaniasis in Mexico, 
by Senor Enrique Beltr&n in the August issue, was 
very interesting to me. It should be noted however 
that in the medical literature generally the American 
form of Leishmaniasis is referred to as " Muco¬ 
cutaneous* * in contradistinction to Old World Cuta¬ 
neous Leishmaniasis. 

We have recently seen a ease of Muco-cutaneous 
Leishmaniasis here in Texas in a patient who was 
born here and had never been out of this country, 
in fact has never been outside of a range of three 
counties in this region. This is apparently the first 
case in this country occurring in a person who has 
never been in any foreign country and we are report¬ 
ing it as such. 

No doubt other cases have occurred in this region, 
and more cases will be identified if we keep this con¬ 
dition in mind and look for it.— John E. Pilcher, 
M.D. 

Culture 

The recent article in the Monthly on “ Science in 
Erench Canada** was a most interesting indictment 
of educational methods in American technical schools. 
There are numerous people who have received a so- 
called technical education who are finding a lack of 
general culture a decided handicap in their daily 
lives. Could not some authority on humanism give 
us an article outlining a method and bibliography 
with which we could overcome this handicap by ex¬ 
tensive reading? I find the selection of literature 
for this purpose by haphazard methods to be highly 
unsatisfactory.— Robert E. Lenz. 

We make the modest suggestion that those who 
take Science should also take and read The Sci¬ 
entific Monthly.—Ed. 

Duelism 

If, to quote from the comment of Anna Rosenberg 
on “Philosophy and the Supernatural** in the No¬ 
vember Monthly, 1 ‘ empiricism, for the scientific 
mind, is the most acceptable brand of philosophic 
thought,** and if with her we also “feel that phi¬ 
losophy has outlived its usefulness to man's efforts 
at orientation,** it would seem to follow that scien¬ 
tific Empiricism as a brand of philosophy must have 
“outlived its usefulness,** not because it serves in 
orienting this “scientific** mind to reality, but be¬ 
cause it does not so serve, and because that peculiar 


mind, being uninterested in such orientation, finds 
this brand “most acceptable** precisely because it 
is such as avoids, by making a shibboleth of “com¬ 
mon sense,** any attempt at orientation.— Alden A. 
Potter. 

Science and Social Wisdom 

I have read with much interest and appreciation 
your [Dr. Brody*s] article on “Science and Social 
Wisdom** in the current issue of The Scientific 
Monthly. As one who has been working in the field 
of religion from the functional approach, I find my¬ 
self in hearty agreement with your point of view and 
your conclusions. I am firmly convinced that many 
of the most significant contributions to religious 
thinking will come from the field of science rather 
than from the closed system of theological specula¬ 
tion.—W. C. Bower. 

You [Dr. Brody] have approached the chief prob¬ 
lem of the age from a new angle—new to me at 
least—and the result is illuminating. You have 
given a clear-cut picture of the conditions forming 
our present problem. It would be fine if scientists 
adopted the policy you mention on your last page. 
I*m not very hopeful of its speedy adoption. But 
as I believe the first step to solving a problem is to 
have a definite idea of its conditions and constitution, 
I am sure you have in any case taken a step for¬ 
ward.-—J ohn Dewey. 

I hope that I will not be the only person to write 
you [Dr. Brody] a letter protesting your self-ap¬ 
pointment to the Chair of Instruction on Moral The¬ 
ology to the scientific world. As a scientist, you no 
doubt realize that few people would listen to the 
ordinary preacher who would dare to write an article 
on science in a reputable scientific magazine. In 
fact, if the preacher’s ideas on science were as- 
groping and inexact as are your ideas on moral the¬ 
ology and its relationship to the social order, I sin¬ 
cerely doubt whether the scientific magazine would 
accept his article.— Matthew A. McKavitt. 

Let me congratulate you upon publishing the article 
on “Science and Social Wisdom** by Samuel Brody, 
a former colleague of mine at the University of Mis¬ 
souri. We need such articles from scientific men very 
much. I fear, however, that there is no hope that the 
Association will carry out Professor Brody *s sug¬ 
gestion of a committee to study such problems as he 
outlined. Neither is there any hope that professional 
sociologists will take up social problems of this sort, 
because that would make them “Social Philoso¬ 
phers.** Can you think of a worse name for scien¬ 
tific men?— Charles A. Ellwood, 

Carter, not Carver 

It is painful to a bibliographer to see the accom- 
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plished and learned seliolar Tliomas Francis Carter skein, Volslair, and other horrors ad infinitum. How- 
referred to not once but three separate times [in ce An over, it is pleasant to see a bibliotypographie article 
Arabic Block Print ”] as Carver, December, 1944, in The Scientiihc Monthly. The Monthly ’s arrival 
page 473. There might follow Newson, Fibbs, Ein- is ever welcome.— S, E. Shapiro. 

THE BROWNSTONE TOWER 

The Scientific across the river, the National Airport at Gravelly 
Monthly differs from Point. Through' the quatrefoils of the west win- 
most nontechnical mag- clow he will glimpse the Washington Monument 
azines in that nearly and the Lincoln Memorial and .through the north 
every reader is an actual window, the National Museum across the Mall, 
or potential contributor. The east window is blocked by the elevator shaft. 
Therefore it seems to Should the elevator break down during our visi- 
the editor that the read- tor's stay, it would be quite embarrassing to us, 

ers of the Monthly if not to him, for he could not get out of the 

might like to know more Tower unless he were willing to climb clown a 
than they now do about vertical steel ladder through trap doors. But if 
how it functions, and so we present “The Brown- the elevator functions, as it usually does, he might 
stone Tower.” It is not promised as a perm a- be taken to the eleventh floor of the Tower, which 

nent column of the Monthly, but it may appear is now occupied by Dr. C. G. Abbot, who recently 

each month as long as it seems to serve a useful retired as Secretary of the Smithsonian Institu- 
purpose. tion. It is an appropriate room for Dr. Abbot 

The editor chooses to call his column “The for he is now nearer the sun, and from his office 
Brownstone Tower” because his office is situated the view is unobstructed. If time permits, the 
in the largest tower of the old brownstone Smith- visitor might be taken down to the offices of the 

sonian Institution Building. The above sketch, A.A.A.S. on the third floor front of the main 

which was provided through the courtesy of the building where he might meet Dr. F. R. Moulton, 
Smithsonian Institution, depicts the Tower. No- the Permanent Secretary, and Mr. and M'rs. Sam 
fcice a circular area about halfway up. It is Woodley, who, in addition to many oilier duties, 

pierced by a central hole and four quatrefoils, take care of subscriptions and distribution of The 

and around the periphery are Roman numerals. Scientific Monthly. Should the visitor have 
Evidently it is a clock face, but we are told that any interest in advertising, he would bo taken into 

a clock was never installed. The small, low-ceil- the bowels of the building to the room known to 

inged room behind the clock face is the editorial us as “the dungeon” before it was refurbished for 

office of The Scientific Monthly, a unique office office use. There Mr. T. J. Christensen, the new 
that is an oasis of isolation and quietness in the Advertising Manager of Science and The Scien- 
midst of bustling Washington. tific Monthly, makes his headquarters with his 

Occasionally a visitor finds Ms way to the office, assistant, Miss Ruth I. Filsingcr. 

To reach us he takes the automatic elevator at the It was Mr, Christensen who urged the editor to 
left of the main entrance of the building and as- start this column. Of Danish ancestry, Mr. 
eends to the fourth floor. He then traverses the Christenson is a vigorous, enterprising young 
corridor before him and turns right into the man, who comes to the Association from Colum- 
Tower where he takes a smaller automatic ele- bus, Ohio, where he served in fact, though not in 
vator. Pressing button number eight, he will title, as assistant director of The Ohio State TJni- 
arrive at the editorial office, which is the eighth versity Research Foundation, He holds the de¬ 
floor. Pie needs only to step out of the elevator gree of Master of Business Administration from 
to meet the editor and Ms able assistant, Mrs. Northwestern University. 

Mary Scovill, whose husband, Captain E. B. In subsequent issues the editor will discuss in 
Scovill, Combat Engineers, is at the front in this column the policies of the Monthly and the 
Germany. Our visitor will first he shown the problems he encounters in the acquisition of man- 
view from the clear south window. Looking out uscripts and their preparation for publication, 
this window, he will see the broad Potomac and and other subjects helpful to contributors.—E d. 
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CHARLES FRANKLIN KETTERING 

PRESIDENT OF THE A.A.A.S. FOR 1945 
By T. A. BOYD 


<£ You have to be ‘sold 7 on research before 
you can hope to get anywhere in it. . . . 
What you need is to be bitten by the research 
bug. 77 This assertion exactly characterizes 
the man who made it—Charles F. Kettering, 
president of the American Association for 
the Advancement of Science for 1945. He 
was bitten by the research bug early in life, 
and to him, for forty years, research and 
science have been vocation, avocation, and 
vacation. 

As head of the General Motors Research 
Laboratories, Dr. Kettering is director of a 
great deal of research, both fundamental and 
applied. But he still thinks it important to 
do actual experimentation himself. Other¬ 
wise, he says, it would be just as though a 
golfer were to get someone else to play his 
game for him, or as if a violinist were to hire 
a substitute to do his practicing for him. A 
fellow can’t be a good golfer or violin player 
by reading books, he says. 

Charles F. Kettering was born on August 
29, 1876, on a farm near Loudoiiville, Ohio. 
He attended the country school in his dis¬ 
trict, graduated from the Loudoiiville High 
School, and then taught a country school for 
a year. The following summer he attended 
Wooster University (now The College of 
Wooster). While there he had the first 
severe occurrence of the trouble with his eyes, 
which during his young manhood made him 
almost blind for long periods. Later, having 
recovered somewhat, he taught the upper 
room of the grade school in Mifflin, Ohio, for 
two years. 

In the fall of 1898 he entered the College 
of Engineering of The Ohio State University. 
But there again he -was hampered by a recur¬ 


rence of the trouble with his eyes, which 
toward the end of the year made it impos¬ 
sible for him even to read. Then, after com¬ 
ing back in the fall, he was soon forced to 
leave the University. 

It was two years after that before he could 
return. But during those years he gained 
experience that was to have a large effect 
upon his future. Thinking that outdoor 
work might be good for him, he took a job 
with the construction gang of the Star 
Telephone Company. Beginning by digging 
holes for telephone poles, he soon became 
foreman of the gang. In that capacity he 
introduced an improved method of construct¬ 
ing telephone lines and of adjusting the 
height of poles to the grade by prior survey, 
and lie developed a new system of splicing 
and testing telephone cables. 

The fall of 1901 found him back at The 
Ohio State University. There, in spite of 
lingering difficulty with his eyes and of a 
degree of individuality and originality that 
made it hard for him to fit into a rigid school 
system, he made an outstanding record, hav¬ 
ing achieved the highest, or merit, standing 
in about one-half of his courses. While in 
the University, he supported himself in con¬ 
siderable part by serving as a telephone 
trouble-shooter. As an important addition 
to his other knowledge and experience in the 
telephone business, he had developed a simple 
electrical system of locating the source of 
trouble in telephone cables, which made him 
an expert in that field. 

In 1904, at the age of twenty-eight, he 
graduated from The Ohio State University 
with the degree of M.E. in E.E. Because of 
his good record in the University and his 
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extensive experience in the telephone field, 
he was employed by the National Cash Reg¬ 
ister Company. There as a member, and 
soon as head, of Inventions Department 
Number 3, he began his long and productive 
career in industrial research. He developed 
an electrically operated cash register, in¬ 
venting for the purpose altogether new types 
of high-output electric motors. In the course 
of this development he designed what was a 
new form of AC-DC, or universal-type, elec¬ 
tric motor. He next developed the O.K. 
telephone credit system by which charge- 
sales in department stores could be author¬ 
ized by telephone from the central credit 
department. He developed also the hotel 
checking machine, which evolved later into 
the now extensive system of calculating and 
accounting machines. All this he did within 
a period of about five years. 

Utilizing again his telephone background, 
he developed an improved battery ignition 
system for automobiles, in which the trouble¬ 
some vibrator then in use was replaced by a 
controlling relay that gave only one positive 
spark per power stroke and thereby increased 
the life of batteries fivefold. This develop¬ 
ment he made with the aid of one of the first 
electric oscillographs to be manufactured in 
this country. “Without the oscillograph,” 
he said, “I could not have developed battery 
ignition, for so much that was written on the 
subject of ignition was not so.” 

At this time he resigned from the National 
Cash Register Company to commercialize this 
new development. And that led him within 
a few months to launch into the development 
of the electric self-starter for automobiles 
also. In the self-starter he utilized again 
some of the principles he had employed in 
applying the electric motor to the cash reg¬ 
ister, notably that of a small high-torque 
motor operated at large overload because it 
ran only for brief intervals between longer 
periods of rest. 

Kettering’s work on battery ignition, the 
self-starter, and the engine-driven farm 
lighting set, which also he had developed 
meanwhile, led him into another field of im¬ 
portance in which he became the principal 
pioneer. This is the field of automobile and 
aviation fuels, where he has made a long and 
productive effort to overcome the principal 


defect of hydrocarbon fuels—the noisy and 
power-limiting bugbear of knock. Two of 
the results of this research are outstanding 
in importance. The first is the performance 
of the chemical antiknock agents (e.g., tetra¬ 
ethyl lead). The second is the fact that fuels 
composed of the straight-chain hydrocarbons, 
w T hich make up petroleum for the most part, 
are particularly bad in respect to engine out¬ 
put as limited by knock, whereas those con¬ 
sisting of closely compacted molecules are 
very good. It was these two discoveries that 
pointed the way to the high-octane, or high- 
output, aviation gasoline that is proving to 
be of such paramount importance in the pres¬ 
ent war. 4 4 I think we wouldn J t have won the 
battle of Britain without 100-octane,” said 
Geoffrey Lloyd, Great Britain’s Petroleum 
’ Secretary. That British fliers did have 100- 
octane gasoline, and that our own pilots have 
it too, is due, primarily to the imagination 
and foresight of Dr. Kettering. He began 
research in the field of high-octane fuels even 
before the last war, and with his small staff 
of workers he has continued productive re¬ 
search in it ever since. 

It was to get this project detached from 
production problems that Kettering organ¬ 
ized in 1916 a new and separate research lab¬ 
oratory to work on the fuel problem. A few 
years later this laboratory was merged with 
General Motors Corporation and became part 
of the present Research Laboratories Divi¬ 
sion, of which he is still the active directing 
head. Out of this research laboratory, under 
the inspiration and guidance of Dr. Ketter¬ 
ing, have come a great many advances of 
importance in the automotive field. These 
are too many to enumerate. But a major 
one, and one in which Dr. Kettering himself 
had a particularly large part, is the two- 
cycle Diesel engine, which already has 
wrought a revolution in the powering of 
railroads and which is proving of the great¬ 
est importance as power for ships, subma¬ 
rines, landing craft, and mobile power plants, 
as well as for trucks and busses. 

In his own personal research, conducted 
under the Charles P. Kettering Foundation, 
Dr. Kettering has done active pioneering in 
several fields. One of these is his funda¬ 
mental researches on chlorophyll and photo¬ 
synthesis, or 4 4 why grass is green.’ ’ Another 



88 


TT1K {SCIENTIFIC MONTHLY* 


is his extensive investigation of fever ther¬ 
apy, resulting in the development of the 
Kettering Hypertherm which, under the gui¬ 
dance of the United States Public Health 
Service, is now being used effectively in the 
one-day treatment of venereal diseases. Still 
another—one in which he has a particular 
interest and to which he has personally de¬ 
voted a great deal of experimentation—is 
the nature of magnetism and its relationship 
to electricity and chemical valency. 

In the present war, as in the last, Dr. Ket¬ 
tering has been active in aiding the war effort. 
He has been conducting a number of re¬ 
searches, which cannot now be named, and 
he has been an adviser to the Army and the 
Navy and a consultant on radar to the War 
Production Board. He is also chairman of the 
National Inventors Council and of the Na¬ 
tional Patents Planning Commission. 

In the field of aircraft Kettering has had 
extensive experience. He was one of the first 
Americans to fly his own airplane, having 
been taught to fly by Orville Wright himself. 
He used to fly twice a day, going aloft in all 
kinds of weather, partly to study meteor¬ 
ology. He was a pioneer in instrument fly¬ 
ing, an early advocate of three-point and 
power landings, and one of the first to take 4 
photographs from the air. When lie quit 
flying his own plane about fifteen years ago, 
he had had the largest number of hours in 
the air of any amateur pilot. 

Dr. Kettering has been very active also in 
the business world as the organizer of several 
new companies and as president or other 
official of all of them. For many years he 
has served as a vice-president of General 
Motors Corporation. Although possessing 
great talent in the business world, he has 
consistently avoided being cast primarily as 
a business executive. ThisKc has clone in the 
belief that he can make his greatest contribu¬ 
tion not as an administrator but as an orig¬ 
inator and experimenter. 

On August 1,1905, Kettering married Miss 
Olive Williams of Ashland, Ohio. They have 
one son, Eugene W., who is assistant chief 
engineer of 4 the Electromotive Division, Gen¬ 
eral Motors Corporation. 

The new president of the A.A.A.S. is a 
member of many other scientific and engi¬ 
neering societies, as he believes such organi¬ 


zations serve a vital purpose. He is a mem¬ 
ber of the National Academy of ^Sciences and 
a past-president, of the Society of Automot ive 
Engineers. He has received a great many 
honorary degrees and numerous awards and 
medals. 

A very human person, I)r. Kettering likes 
people and gets along well with individuals 
of every rank. Among those who work for 
him and with him he is affectionately re¬ 
form 1 to as 14 Boss Ket. ” One of the reasons 
for his great success in developing new t hings 
for people to use is his understanding of the 
importance of the human factor. 

Dr. Kettering is a trustee of Antioch Col¬ 
lege and of The Ohio State University, and 
chairman of the advisory board on the de¬ 
velopment. of the Technological Institute of 
Northwestern University. Out of a life-long 
interest in education, he has formulated 
definite views on the subject. He thinks that 
young people should be taught to use their 
hands as well as their heads. They should be 
taught also bow to get along with people and 
to work with them. On this account he is an 
active advocate of co-operative education. 
“We need to lap-weld young people on to 
life,” he says, “instead of butt-welding them 
on.” 

I)r. Kettering is an unusually successful 
speaker. He has addressed many, many 
groups composed of all kinds of people. Of 
course, much of what he says relates to tech¬ 
nical subjects, but he has such, a remarkable 
faculty of expressing abstruse matters in 
common terms and he talks so much in simile, 
metaphor, and epigram, and with such fre¬ 
quent flashes of humor, that he is readily 
understood by everyone. In his view a ther¬ 
mometer is a molecular speedometer and the 
second law of thermodynamics means “that a 
fellow can’t push on something that is going 
faster than he is.” 

It is particularly appropriate that Charles 
F. Kettering should be president of A. A.A.S., 
for he is perhaps doing as much as any man 
alive today both to advance the cause of 
science itself and to make it serve people in 
practical ways. Among his principal talents 
is his unusual ability as a salesman. And 
one of his greatest services has been to utilize 
that talent in selling research and the scien¬ 
tific method to people and to industry. 



FELINE FISHERMEN 

SOME ACCOUNTS OF FISHING BY DOMESTIC CATS 
By E. W. GUDGER 


That eats dislike getting' even their feet 
wet and hence avoid water has been said so 
often and for so long* that it has become 
almost an axiom. Indeed, one writer has 
dubbed the felines 4 Catabaptists. 7 Also 
axiomatic is their great fondness for fishes. 
“Cats are crazy about fish,” “The cat is an 
animated fish trap 7 7 are typical remarks. 

Illustrative of this fish appetite in cats are 
two charming figures copied from YarrelFs 
British Fishes (ed. 2, 1841). These are 
vignettes, or tailpieces, to two chapters in 
his book and are not referred to in the text; 
they are included merely to show to what 
lengths cats will go to purloin their much¬ 
loved fish food. The house cat depicted in 
the first of these (Fig. 1) has just abstracted 
a fish from her master 7 s basket hung on the 
back of the chair. Note her drooping tail 
and the anxious expression on her face as 
she looks about to see, before absconding, if 
anyone is witnessing the theft. In the other 
vignette (Fig. 2) the fisherman sits on a wall 
with his back to cat and creel and seeks to 
add another fish to the three already caught. 
One of these has been seized by the cat, 
which walks off sure of safety in the adjoin¬ 
ing thicket of rushes—such at least the 
hoisted tail and the happy look on her face 
seem to indicate. 

Furthermore, it is an assured fact that in 
the carnivorous family Felidae the fish appe¬ 
tite is stronger than the water phobia. As 
evidence of this I published in Natural 
History , in 1925, an article in which I 
brought together 38 accounts (brief or de¬ 
tailed) of wild or domestic cats that had 
been seen or reliably reported to have gone 
afishing. Some of the domestic cats merely 
accompanied their masters and seized the 
fishes when these were brought ashore by the 
anglers. Some reached down into the water 
with claw-filled paws and deftly hooked out 
their finny prey. Others went in “all over’ 7 
and by swimming and diving caught their 
fishes with their paws or mouths. And one 


mother cat taught her kittens to follow her 
in headfirst and each to catch its minnow. 
The wild Felidae were reported to use essen¬ 
tially the same fishing methods as the do¬ 
mestic cats. 

The publication of this article excited con¬ 
siderable interest and brought me letters 
giving personal observations and references 
in addition to those already utilized. Con¬ 
stant bibliographic work on fishes uncovered 
other citations of eats as enemies of fishes. 
And now, because of the interest in this un¬ 
usual behavior of cats, it seems worth while 



PIG. 1. THE FELINE FISH-THIEF 

THE GUILTY LOOK AND DROOPING TAIL BETRAY THE 

culprit, from yarrell ; s British Fishes (1841). 


to bring these newly found and widely scat¬ 
tered data together. Furthermore, it has 
seemed well to devote this paper to fishing 
by tame cats and to defer to another time the 
story of fishing by the wild jaguars of South 
America, many of which are alleged to use 
the tail as a lure for fishes. 
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Fishing Exploits of European Mouse Gals, 
Captain Thomas Brown in his delightful 
Anecdotes of Animal Life (1840) tells of a 
house eat that fished at Caverton Mill in 
Roxburghshire, Scotland. Her operation 
was as follows: 

When the mill work ceased, the water was, as 
usual, stopped at the dam-head; and below the dam, 
it consequently ran gradually more shallow, often 
leaving trout, which had ascended when the stream 
was full, to struggle back with difficulty. . . . And 
so well acquainted had puss become with this circum¬ 
stance, and so fond was she of fish, that the moment 
she heard the noise of the mill-clapper eefise, she used 
to scamper off [from the house two or three hundred 
yards away], to the dam and [below this] used to 
stand up to her belly in the water, and continued to 
catch fish like an otter. 


J. G. Wood, in his Sketches and Anec¬ 
dotes of Animal Life (1857), states that he 



FIG. 2. ANOTHER FELINE FISH-HTEALER 

CONFIDENTLY SLINKING AWAY WITH TAIL HOISTED 
HIGH. FROM YARRELL’S British Fishes (1841). 


knew a cat at Oxford that was accustomed 
to fish from a wharf, whence she could look 
down on the fishes passing below. But, 
being an ethical fisherman, she would not 
touch any small fish and disdained “to 
enter the water for any fish ]ess than a her¬ 
ring.” The modus operandi of her fishing 
is not given, but presumably she went in all 
over. 

In 1883, Simmermacher described in Dvr 
Zoologischer Garten an interesting occur¬ 
rence at Offenbach in Germany. In a pri¬ 
vate garden there was a small pool stocked 
with goldfish. Here suddenly appeared a 
procession of cats coming singly. At noon, 
when the fish would bask at the surface near 
the edge of the pool, one of the eats would 


hang over the edge and with a dexterous 
paw would (ling out a fish, then take it in its 
mouth and kill it. For 14 days this wont on 
with great decimation of the fishes, and then 
the cats were frightened away by being shot 
at. The author gave no illustration, but for¬ 
tunately there has come to hand a splendid 
photograph of just such an occurrence (Fig. 
3). It shows a beautiful oat perched on the 
roekwork of a garden pool. The animal is 
cautiously tapping on the water, seemingly 
to entice the fish to come to the. surface. The 
fish, however, wisely keep their distance. 

In the third series of his interesting Curi¬ 
osities of Natural History (1891), Frank 
Buckland tells of an old fisherman Friend at 
Portsmouth who had a favorite cat named 
Puddles (“the wonderful lest water eat as 
ever come out of Portsmouth”). If he was 
not taken along when his master went fishing, 
Puddles would yowl until his master relented. 
He would never molest any of the fish his 
master had caught unless they were given 
to him, and he would go overboard for one 
kind only. The fisherman describes the cat’s 
method as follows; 

When it was fine be used to stick up at the bow of 
the boat and sit a watching for the dogs | G\, dog' 
(iHh|. Tim dogs used to come alongside by thou¬ 
sands at a time, and wlum they was thick all about, 
he would dive in and fetch them out jammed m his 
mouth an fasti aw may he, just as if they wan a. parcel, 
of ral-H. . . . lie looked terrible wild about the bond 
when ho come up out of the water with the dogfish. 
It was a had day when T lost my Puddles, he was the 
most superbest cat as ever was afloat. 

Happily, Buckland published a picture of 
Puddles watching for his beloved “dogs,” 
which is here reproduced (Fig. 4). 

Last of the European examples is a some¬ 
what detailed account of the exploits of a 
fisherman cat in Scotland. This is copied 
From a newspaper clipping of unknown 
source but dated 1928; 

A eat in Dumfriesshire has become famous as on 
expert fisher. Not far from her abode there is a ford 
on the river, across which stepping stones are placed. 
On one of these, when the water is low, puss takes up 
her position and keeps a steady outlook for small 
passing fish. Bho never alters her position, and any 
passing not within striking distance, she takes no 
notice of., When one passes her stone, she puts out 
her paw and secures her fish. Beldam the second paw 
is brought into action, unless it is a fair-sized fish, 
but- she never enters the water, and only her paws 
arc wet during her operations. 
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FIG. 3. THE CAT AT THE GARDEN POOL 


SINCE THE PISH REMAIN DEEP IN THE POOL, THE CAT TICKLES THE WATER TO ENTICE THEM WITHIN REACH. 


She is well known to all the regular fishers, who 
often give her a small trout. She eats none of them 
by the riverside, but carries them all home first. 

One day, lately, a fisher was having lunch about 50 
yards below the ford, when a splash arrested his at¬ 
tention. On looking around, he discovered that the 
cat was in the water, and being dragged down in 
deep water. It was quite evident that the cat had its 
claws fixed in something. Sometimes she would be 
completely submerged and then [would] rise to the 
surface. This continued for some distance till the 
cat struck a shallow part of the stream and regained 
her footing. It was then seen that she had her claws 
in a trout of considerable size. Puss looked half her 
usual size as she looked round about studying her 
position how to regain dry land. This did not take 
her long, and, catching the fish in her mouth, she went 
the same way as she entered. 

Fishing Feats of American House Cats. 
A number of published accounts of inci¬ 
dents of fishing by American house cats have 
come to hand. Only two have enough detail 
to be given here. 

' First, George Dimmock, writing in the 


American Naturalist in 1884, tells of seeing 
a manx (or so-called tailless) cat that often 
brought home ordinary fishes and even eels, 
which it had captured in the shallow water 
of the tailrace of a sawmill when the mill 
was shut down. Since domestic cats have 
long been accustomed to eat cooked food, 
though their ancestors ate fresh-caught ani¬ 
mals, Dimmock doubted if domestic cats 
would eat fresh fish. Had he watched his 
cat, however, or known the literature, he 
would have found out that they are very 
fond of and do eat fresh fishes, even as they 
eat just-caught birds. 

The second narrative is contained in a 
United Press dispatch from . Providence, 
R. I., printed in the New York Sun of Janu¬ 
ary 22, 1931. It is as follows: 

It ? s not strange for a bird to catch fish, or for a 
cat to catch birds, but it J s a bit unusual for a cat to 
dive into the ocean to catch fish. 

Such a cat has Captain Adolph H. Aronson, keeper 
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of Pomham Light. The eat, called Tommy, acquired 
the fishing habit from Captain Aronson’s children. 

Perched motionless on a rock, Tommy a,waits the 
approach of a fish, then dives head first into the sea, 
seizing his prey with mouth and claws. Tommy in¬ 
variably hides the fish under a lilac hush on the island 
until he has enough for a meal. 

A number of unpublished accounts of fell¬ 
ing by domestic cats, contributed by persons 
well known to me, are at hand. 

A friend, now living in New York City, 
when a boy, used to spend part of his vaca¬ 
tions at his grandparents’ home in Wash¬ 
ington County, N. Y. Here water was piped 


the feh-hungry feline would hook it out with 
a paw and carry it away For herself or her 
kittens to eat. This performance the boy saw 
at various times on his vacations, and he was 
kept busy supplying the old cat with young 
catfish. 

Dr. B. C. Murphy, oF the American 
Museum of Natural History, writes; 

During several Hummers close to 1900, when I was 
about twelve years old, I observed a family or group 
of swimming and fish-catching cats. They belonged 
to Captain Adolphus Davis, a retired shipmaster who 
had built a residence and outbuildings on property 
known as the “ Island 7 ’ at Mount Sinai, Long Island, 


j . 



PIG. 4. “PUDDLES” LOOKING POIi HIS BELOVED “DOGS” 

“MOST SUPERBEST CAT AS EVER WAS AFLOAT.” FROM BUOKLAND 7 S Curiosities Of Natural History (1891). 


from a spring on a nearby hill to the farm¬ 
house kitchen, the overflow running into a 
large trough alongside the back porch. 

In a brook near the house were many 
young catfish 3 or 4 inches long. The boy 
used to catch some of these and place them 
In the trough where he could feed them and 
watch them play. The old house cat would 
perch on the edge of the trough and also 
watch them play—but with an ulterior mo¬ 
tive, for, whenfishlet came within reach, 


N. Y. The clry laud was really a flat mount, about 
an aero in extent, lying in a salt meadow and largely 
surrounded by tidal creeks. 

The cats, of which there were always six or more, 
regularly hooked out mummlehogs (Fundulm) with 
their claws from small sandy depressions that filled 
with each rising tide. Several of thorn had also so 
far overcome their aversion to water that they would 
swim across a thirty-foot creek. Captain Davis 
boasted that all his cats were amphibious. I fre¬ 
quently saw one of them in the act of swimming 
across the creek. 

Dr. Libbie Hyman, also of the American 









FELINE FISHERMEN 


93 



. Underwood & Underwood 

FIG. 5. THE OAT CATCHES HIS FISH 

FROM ROOKS ALONGSHORE THE OAT HAS GRAPPLED A FAIR-SIZED FISH, JUDGED BY THE STIR IN THE WATER. 


Museum, has communicated the following 
interesting observation: 

Some years ago while working at the marine bio¬ 
logical station at Friday Harbor, San Juan Island, 
Wash., I frequently saw the large male cat belonging 
to the mess hall of the laboratory, engaged in fishing. 
He would park himself on the rocks at the water’s 
edge, where he could look down and see the fishes, 
and, whenever a small fish came within reach, he 
would scoop it out with a paw. He was never ob¬ 
served to go in “all over.” The fishes were eaten 
on the shore as soon as caught. The fishing proclivi¬ 
ties of this cat were well known, particularly to the 
kitchen staff, which was on duty the year round. 

Doctor Hyman has no picture of this cat 
in the act of fishing, but I have found a pho¬ 
tograph that seems to have been made of just 
such a fishing (Pig. 5). The fine gray cat 
shown has just made a pass at a fish. Prom 
the commotion in the water, it appears to 
have driven its claws into an actively resis¬ 
tant fish, but the end can be easily foretold. 

Dr. Lolabel Hall, of Brooklyn, communi¬ 
cates this account of a favorite cat: 

Quintus, a large yellow male cat, was a great 
family pet, and as such it was taken each summer for 


many years to my camp on Little Lake Ossipee, near 
North Waterboro, Maine. The house was situated 
about 30 feet back of the high bank of the lake, and 
as soon as Quintus was let out of his basket he would 
make a beeline for the lake and out on the little pier 
whence he could see the fishes, frogs, and turtles 
swimming by. 

When the water was low enough, Quintus was ac¬ 
customed to go down to and patrol the water’s edge, 
where he would watch the fishes (minnows, sun perch, 
catfish, and pickerel) swimming close to the shore. 
The fishes were accustomed to being fed from the 
little pier and were quite tame. When they heard 
any splash at the pier they would come in consider¬ 
able numbers and would swim about near the pier. 
This performance would excite Quintus greatly. And 
although he hated to get wet, he would stand at the 
water’s edge and advance a paw into the water, try¬ 
ing to catch one of these semitame fishes—which 
always kept just out of his reach. Then he would 
go in until half immersed, but I never saw him reach 
the prey. He dearly loved to go out in the boat and 
would sit in the bow and vigilantly watch the fishes. 
While these would greatly excite him, h© never went 
overboard after them. 

The turtles were even tamer than the fishes and 
would take food from our fingers. They would also 
crawl out on the beach to bask in the sunshine. Here 
Quintus would (gingerly) play with them. Once I 
caught him at this and tried to photograph him ip 



94 


THE SCIENTIFIC MONTHLY 


the act, but the negative was not sharp and clear. 
Once lie caught a frog and tried to eat it, but his 
mouth was made so sore that he never tried it again. 

He was never seen to catch a, tush, but judged from 
his persistent watch along the shore for ten summers 
he must have done so. Perhaps one reason why he 
was never seen with a fish was that the wide porch 
of the camp, on which we spent most of our time, 
was about 20 feet from the bank which fell away 
steeply to the water. Indeed, one could not see the 
narrow shore unless one stood almost at the edge of 
the bank. However, the constant btshavior of the cat 
leads strongly to a belief in his fish-catching. This 
is accentuated by his constant catching of birds in 
our yard in Brooklyn and of baby squirrels that 
lived in the attic of our house. 

The foregoing accounts are all that have 
come to hand recently of ordinary fishing by 
cats—by standing on the bank of a stream, 
on an overhanging rock or log, or in the 
water and hooking out the fishes with a 
thorn-filled paw; by wading in shallow 
water; or by going in all over in deeper 
water and catching the fish with paw or 
mouth as they swim past. These accounts 
are so widespread in time and space that, 
apart from the fact that a number of the 
reporters are known to me personally, they 
definitely establish the fact that house cats 
in their “violent fondness for fishes” do go 
afishing. 

However, there have also come to hand 
three accounts of such unusual modifications 
of this hooking-out of fishes by domestic cats 
that they deserve to be treated separately, 
each under its own heading. 

The Tongue as a Lure . After reading ray 
article on “Cats as Fishermen” {'Natural 
History, 1925), Mr. Seth Lindahl, of Chi¬ 
cago, sent me the following interesting vari¬ 
ant of the ordinary fishing cat procedure: 

In my backyard I have a pond that is visible from 
tli© breakfast room. And while sitting there one 
morning I noticed a cat crouching on an overhanging 
rock and to all appearance drinking from the pool. 
However, his lapping continued so long that it 
aroused my curiosity, and I went out on the rear 
porch where I got a closer view of him. He was 
Hot drinking but was simply wagging his tongue in 
the water. This continued for about fifteen minutes 
when he was frightened away. 

From the position of his right paw and his steady 
gaze toward the fish playing around a lily pad close 
by,; I can draw no other conclusion than that ho was 
using his tongue as a lure, expecting that a goldfish 
would borne close enough for him to hook it out with 
his paw, ' 


This interpretation seems entirely reason¬ 
able to me. There would seem to be little 
doubt that this matter was begun by the cat 
lapping up water with its tongue for drink¬ 
ing. It is well known that goldfish are at¬ 
tracted to tbe surface of the water by slight 
disturbances. There they could be scooped 
out by a cat’s paw. The eat, being intelli¬ 
gent, would quickly learn to trick the fish, 
and in this way a habit would presently be 
formed. It is to be regretted that no further 
observations were made and, especially, that 
no photograph was obtained. 

Whining Eyes as Lures at Night . And now 
comes an account of cats catching fishes at 
night from an outdoor pool. It is recorded 
by Neill Rhodes, of Jacksonville, Fla., in 
The Aquarium (September, 1935). The 
modus operandi of the cats was so unusual 
that the writer will be quoted verbatim. The 
disappearance of fish from his pool had been 
so frequent and so great as to lead to the sus¬ 
picion that night trapping or seining had 
been done. Consequently the pool was 
watched. Then; 

After wo tram* for rod our Black Mollies to outside 
pools tli in spring, i noticed one night that two cats 
had located themselves at the sloping end of one 
pool, and that something in tlm pool had their atten¬ 
tion. about as much as their usual prey, the mouse. 
Thoro being a little light reflection, I noticed the 
water surface was in a ripple in front of these cats. 
Watching this situation closely for a few minutes, I 
soon discovered why our loss had been so heavy in 
this particular pool. I noticed that those cats would 
lower their heads almost to the water’s level with, 
their eyes sparkling and, with unusual speed, a cat 
would strike the wafer with a paw and run away, 
soon returning for a repeated Black Molly knockout. 

Mr. Rhodes states that he has been a hunter 
and trapper and has long had knowledge of 
how night prowlers see their way about in 
the dark, and while hunting he has observed 
many a pair of fiery eyes on dark nights. 
Hence, noticing that there was some light re¬ 
flected from the water of his pond and that 
the fish swam up to the cats, he concludes 
that the fish were attracted by the shining 
eyes of the cats and came up to investigate— 
with fatal, results to themselves. 

This idea is based on the well-known fact 
that a deer will be dazzled by a light on a 
hunter’s hat. Also, one authority has writ¬ 
ten that “the jaguar’s eyes shine at night 
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like balls of fire.” And various writers have 
stated that the eyes of the house eat shine 
at night and sometimes “give off a brilliant 
light.” But if these eyes shine in the night, 
it can only be because light is reflected from 
the eyeballs of the eats. The eyes of these 
animals do not have any light-giving powers. 
They are reflectors only. 

It is well known that fishes are attracted 
by lights. The use of lights as lures has been 
practiced by fishermen for hundreds of years. 
If Mr. Rhodes’s eats were sitting on the edge 
of the pool facing the west early in the eve¬ 
ning, there might still have been enough 
light reflected from the water to “shine” the 
cat’s eyes. Or, if the moon were shining and 
the cats were facing the moon, the light re¬ 
flected from the water might have illumi¬ 
nated the eyes of the cat. Now it is also well 
known that the pupils of cats’ eyes are capa¬ 
ble of great distension at night. This gives 
their eyes the power to focus more poor light 
rays on the retina and thus to see in the dark. 
The fish, attracted by these shining eyes, 
might have moved up near enough for the 
cats to have seen them in the semidarkness 
and to have snatched them out with a swing 
of the paw. 

The Tail as a Lure. Mr. Carl Spencer, of 
Spencer, N. C., operates a copyrighted ser¬ 
vice called “Odd Pacts in Carolina” in the 
Sunday issues of a number of North Carolina 
papers. This consists of drawings and their 
accompanying captions after the fashion of 
Ripley’s “Believe It or Not.” In the Sun¬ 
day editions of July 12, 1942, appeared the 
figure of a house eat fishing with its tail in a 
garden pool. Through Mr. Spencer’s cour¬ 
tesy this illustration is reproduced herein 
from his original drawing (Pig. 6). 

Immediately after seeing the newspaper 
reproductions of this drawing I wrote to 
W. G. Iieavner, of Newton, N. C., whose fish 
pool was being devastated. He courteously 
replied as follows: 

I have in my backyard a circular cement pool about 
7 feet in diameter and 20 inches deep. At one point 
in the rim a couple of stones were set in the wall 
about 2 inches above the water level. On this shelf 
I had planned to place a dummy frog. To this pool, 
with its constant supply of water, all the neighbors 3 
cats and dogs would come to drink. Sometimes one 
of these would sit on the projection while drinking. 


This pool was heavily stocked with goldfish, but pres¬ 
ently these began to disappear. My five-year-old 
grandchild told me that she had seen a large gray 
tomcat, which belonged to a neighbor, catching the 
fish in my pool. It was hard for me to believe this 
until I caught him in the act. This cat apparently 
learned that the fish would come up when the water 
was disturbed. So it got to sitting on the rock 
projection with its tail in the water and would wiggle 
it to attract the fishes; and, when they would come up 
to see what was happening, it would snatch one out. 
It would not eat the fish on the spot but •would carry 
it home to my neighbor’s first. 

Before my letter readied Mr. Heavner an 
attempt bad been made to kill the cat to pre¬ 
vent further raids on the goldfish. This was 
not successful, but it apparently so scared 



FIG. 6. THE TAIL OF A WISE CAT 
DRAWING BY COURTESY OF MR. CARL SPENCER, 1942. 

the cat that it never came back to the pool. 
Considered from the standpoint of our study 
of animal behavior, this was most unfortu¬ 
nate, since it made impossible any further 
observations and, what is much worse, pre¬ 
vented the taking of photographs showing the 
cat in action. Such a photograph would be 
priceless in establishing visually this curious 
and most interesting feline behavior. 

Certain things need to be considered in 
endeavoring to explain this incident. Gold¬ 
fish are attracted by anything serving to dis¬ 
turb the surface of the water ever so slightly. 
They will come up not only for bits of food 
but also for bits of paper or any small debris, 
or in response to the tickling of the surface 
of the water by a twig. So much for the 
fish. The cat, on the other hand, is a very 
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intelligent animal, as all of ns know and as 
the animal behaviorists have proved with 
their mazes, their trapdoors, and other ex¬ 
perimental paraphernalia. The cat's tail is 
its most expressive member. (Witness its 
twitching as the eat watches a mouse hole.) 
The cat comes to the little platform to drink. 
The lapping attracts the fish, but they stay 
out of reach. The cat sees this much-loved 
food just out of reach and in eagerness and 


hunger twitches its tail and touches the 
water* The fish rush up to investigate, and 
one falls a victim to a swift stroke of the cat's 
paw. Finding it this easy to obtain its favor¬ 
ite food, how long would it take this obser¬ 
vant animal to form such a fishing habit? 

This alleged use of the tail of a cat as a 
lure in fishing will be considered more fully 
in a future article on such behavior, by the 
jaguar of South America. 


THE CAT* 

When Noah beached on Ararat, 

He found that he had saved a cat 
(Or rather two) from where the Flood 
Had left the earth submerged in mud. 

In getting up his list he’d winked 
And tried to make the cat extinct, 

Because he knew, and knew full well , 

Its tendency for raising hell. 

But somehow , in the rainy dark , 

Two cats had sneaked, aboard the Ark 
And had triumphantly survived, 

Malicious, sly , and manydived. 

“Ah, well,” said, Noah, “that is that” .- 

And put a curse upon the cat, 

A complex , Iriple-joinied curse 
That can’t be reproduced in verse. 

So that is why the cat will play 
And frisk a/nd frolic all the day, 

And lie beside the fire and, purr , 

And let the children stroke its fur. 

But it remembers , after dark, 

The curse it heard on Noah’s Ark, 

And sings, in ecstasy of fright, 

A hymn of hale throughout the night. 

—Stoddard Kino 

* Trom Listen to the Moefoing~Bird, copyright 1928 hy Donbloday, Dorati and Company, I nc. 
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WILDLIFE ZONES ACROSS CENTRAL CALIFORNIA 

By WILLIAM T. SHAW 


In one of the broad corridors of McLane 
Hall, the science building of Fresno State 
College, there is displayed a series of biolog¬ 
ical habitat groups that express in a unique 
manner the wildlife distribution of central 
California. The presentation is especially 
apt in showing the influence of altitude on 
the forms of animals and plants. Beginning 
with the wash of sea level, the series extends 
inland across the various mountain eleva¬ 
tions, broad valleys, and near-deserts, de¬ 
picting from west to east the varied animal 
and plant life, topography, and geological 
formations. The idea of the series originated 
in the work of the college class in taxidermy 
dealing with group making. The original 
plan for a single group was soon expanded, 
by suggestions of the late Dr. George W. 
Graves and by Professor A. E. Culbertson, 
and later became state-wide in its develop¬ 
ment. 

The chief value that this direct line of 
-cross-state habitat groups, or home areas of 
animals and plants, possesses is that it makes 
-easy, by visual representation and carefully 
prepared scientific labeling, an understand¬ 
ing of the intriguing subject of life zones, 
which are laid before the observer in a pro¬ 
gressive sequence. Because of sharp rises in 
.altitude, such zones often exist prominently 
in rather concentrated areas, especially in 
mountainous countries, and are frequently 
perplexing to students of the outdoors. In 
flat countries, however, where there is little 
sudden rise in elevation, the zones are more 
-easily understood. 

For instance, if we were to journey north¬ 
ward at the Gulf of Mexico far across the 
United States and Canada into the Arctic, 
we would notice along the way a gradual 
-change in animal and plant life. The forms 
observed at the Gulf would be replaced by 
-other, newer kinds on the northward trail. 
These, in turn, would give way to other 
species, and so on until we reached the 
Arctic. The egret of the South would occur 
less and less until at last it would be seen 
;no more, and- in its place would gradually 


come to view another bird, likewise of snowy 
whiteness but of vastly different habitat— 
the Arctic grouse, or ptarmigan. Normally 
these two birds are predestined not to meet, 
for each lives its life cycle in a homeland 
widely separated from that of the other. 
Naturalists call these regions life zones. 
Each zone has its characteristic fauna and 
flora. That of the egret has been given the 
name Austral, or Sonoran, Zone; that of the 
ptarmigan, Arctic Zone. So it is with other 
animals, and to a large extent with the plants 
associated with them; each is more or less, 
definitely, although by no means absolutely, 
associated with one or more regions, or life 
zones, which students of biology have given 
names suitable to their geographic position. 
Accordingly, in our progressive journey 
north we meet in succession, after crossing 
the Sonoran Zone—the Transition, the Cana¬ 
dian, the Hudsonian, and finally the Arctic 
Zone, each with a few characteristic animals 
and plants found more or less constantly 
dwelling in them. Those forms holding most 
true to their habitat are known as zone 
indicators. 

These biodivisions have proved of much 
use to the scientist, especially in the study of 
geographic distribution of animals and 
plants, migration, estivation, and hiberna¬ 
tion. If, in our imaginary journey, we had 
traveled in another direction, the same or 
similar observations could have been made, 
as in many mountainous states and provinces 
in eastern and western North America and 
in South America. In a relatively shorter 
time and distance we might have noted simi¬ 
lar life-zone phenomena by going from sea 
level to mountain ridges of 10,000 to 12,000 
feet elevation, regions of perpetual snow and 
glacial ice. 

The recently completed series of habitat 
groups at Fresno attempts to explain the 
sequence of these changes of biological habi¬ 
tat brought about by such influences as alti¬ 
tude, season, temperature, and climate in 
central California. In the demonstration 
five life zones are clearly shown, beginning 
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at the Bay of Monterey and going east across 
the Coast Range Mountains, through the San 
Joaquin Valley, and continuing over the 
Sierra Nevada Ranges to the extreme eastern 
border of the State. 

Dioramas they are called by the artists; 
habitat groups or just plain windows by the 
students. It is as if one were looking out of 
a streamlined overland express upon a land¬ 
scape resplendent with dim-fading vistas. 
The “windows” are populated with the life 
of the land they represent—with bird and 
mammal forms and simulated plant types 
typifying the life zones from which they 
came, all properly spaced and balanced as 
to numbers of species. The foregrounds of. 
the habitats are built with samples of rock 
material and sand from their own wild heath 
or cliff side. The backgrounds of soft pastel 
tones, enhanced by varicolored neon illumi¬ 
nation, easily lead the observer far into the 


land of: pleasant contemplation—back into 
those dim memories of: all-but-forgotten sum¬ 
mers. These are the much-prized habitat 
groups, depicting this trans-section of color¬ 
ful central California (Fig. 1), extending in 
ever-changing view from bold reefs and 
white-crested spray of ocean line, over moun¬ 
tain ranges and gray desert valleys; to the 
bordering serrated snow mountains of the far 
Nevada line. 

First, as if with interested pleasure, Old 
Monterey presents itself with its restless in¬ 
habitants and the shifting colors of the sea 
(Fig. 2). Close-up are laid the reef rocks of 
brown and gray and the slippery, water-laid 
thalli of kelp glistening like wet rubber, 
stranded by exhausted waves of out-tide, 
soon to be tossed again by noisy oversurging 
swells of an ever-returning sea. Monterey 
cypress, rare and famed, lends a strip of 
strong fresh green to the shore line in this 
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cooled and tempered Transition Zone. Far 
beyond low-tide line are jutting rocks of the 
Bay, where strange pelicans and stranger 
cormorants have come to rest. Against the 
sky are buoyant, light-bodied gulls, drifting 
here and there on erratic, varying air cur¬ 
rents. Across the sky the sanderlings line 
by, in swift synchronized flight. The Cali¬ 
fornia clapper rail stalks among the brown 
boulders of the coves, scarcely different from 
them in its quiet tones, yet strangely sepa¬ 
rated from its summer home in the marshes. 
Black turnstones, wearing the somber hues 
of rocky pools and the white of foam-dashed 
wave tips, industriously search out young, 
cap-shelled limpets. These are the birds of 
the sea, slightly suggestive of those of the 
great shore line. 

But not all shore lines are rugged, as those 
of Monterey. Some, still at the level of the 
sea, as at Elkhom Tide Flats, also Transition 
Zone, have extensive fields of brackish bars 
and shoals, the feeding grounds of countless 
birds, chiefly of shorebird type, vastly popu¬ 
lated in times of migration. Western willets, 


Hudsonian curlews, and yellowlegs are here, 
with flock upon flock of least sandpipers. 
These are the common birds of Elkhorn, for 
it is early spring and the migration is on. 

Before leaving the salt water, on the east¬ 
ward way, we must visit Santa Cruz County 
Park, where a worthy stand of stately coast 
redwoods (Sequoia sempervirens ) is found, 
set aside for a future playground by the 
forethought of one who looked far into com¬ 
ing years and saw a spot destined to satisfy 
the esthetic desires of a nature-admiring 
people. Here stand those noble trees (Fig. 
3), stately in size and towering height, yet 
far more sublimely impressive and worthy 
of our worship and reverence for the reason 
that they carry forward, from far back in 
the centuries of the past, that thing called 
life. The shade from these and the dimness 
cast by dense foliage of the broad-leaf maple 
and the limber-branched tanbark oak have 
made suitable homes for western robins and 
for such birds as the varied thrush and the 
Alaskan hermit thrush. Here, too, the bird 
of all the shade-loving birds, the western 


EIGr. 2. SEA LEVEL ON THE BAY OE MONTEREY: TRANSITION ZONE 

HABITAT FOR SUCH BIRDS AS PELICANS, CORMORANTS, SANDERLINGS, TURNSTONES, AND RAILS RESTING}- AND 
FEEDING AMONG THE REEF ROCKS AND SEA-TOSSED KELP. A STRIP OF MONTEREY CYPRESS LINES THE SHORE. 
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pig . 3 . sequoia sBMPmtnitms 

THU REDWOOD, PRIZE TREE OP THE WORLD AND THE 
OLDEST LIVING THING. TRANSITION ZONE SPECIES. 


winter wren, finds a borne of its desire. A 
slight elevation above sea level has been 
reached here, but not so high as presently, 
in the mountain passes of the Coast Ranges. 
The zone is still Transitional. * 

Perhaps one of the most inviting vistas of 
all this trans-section series is shown next 
(Pig. 4), illustrating the range of soft-toned 
pastel in depicting far-away scenes. The 
eye carries us back to the distant western 
ocean country from which we just came, as 
we look through this diorama in Mustang 
Pass, 3,000 feet above the sea—high pathway 
through the Coast Range Mountains. The 
life zone is Upper Sonoran, implying warmth. 
The season is early autumn. The landscape 
is well seared by the heat of past summer 
days. Green vegetation is largely gone. The 
blue oak is the most picturesque tree, season¬ 
ably destitute of leaves, with its innumerable 
twig tips bristling and its plain gray bark 
blending with the drabness of much of the 
scene. It is the tree generally sought by 
many stnall birds, such as Nutt all's wood¬ 


pecker, juncos, and kinglets—a veritable 
happy hunting range for small sharp eyes 
and snapping, prying beaks. A great part 
of the beauty of the landscape, especially at 
this time of year, is due to the outcropping 
of rugged patches of lichen-tinted rocks scat¬ 
tered here and there on the grayish hillsides. 
Associated with these outcrops appear clumps 
of juniper, in some instances showing signs 
of having been severely wind-swept by per¬ 
sistent wintry gales from the far-distant 
ocean. In more sheltered spots these pictur¬ 
esque trees have an abundance of clear green 
foliage, adding a touch of interest to the life 
of an otherwise parched landscape. Dis¬ 
persed over the semiarid, hills stands the 
Spanish bayonet, adding to the harshness of 
the scene. The gorgeous blossom of this 
desert yucca has passed long since, and there 
remains only the tall bleached pole, which 
in springtime bore the showy white flowers. 
After studying the faunal arrangement of 
this habitat group, one would be apt to decide 
that the most conspicuous and unique bird 
of this area would be the yellow-hilled mag¬ 
pie, as it glides across the landscape in steady 
flight, so suggestive of a distant, airplane. 
Fine opportunity is given here for contrast¬ 
ing the two members of the dove family, com¬ 
mon. to western California, the mourning 
dove and the band-tailed pigeon. As might 
he expected, in a rugged rock outcropping, 
the yellow wood rat, or pack rut, is found; 
this little rodent is here shown beside its 
nest of foregathered twigs and sticks, low 
down in a rocky crevice. 

So far in our dioramic cross-state journey 
we have been dealing with diurnal life, that 
which prefers to go by day. To accommodate 
the night reamers, a nocturnal group has 
been introduced. The Coast Range Moun¬ 
tains and Mustang Pass are westward now, 
and a new and semiarid country has ap¬ 
peared; much of the marine mists and rains 
has been chilled to precipitation in the jour¬ 
ney over the mountains, and as a result there 
has been produced a country greatly in con¬ 
trast to that of the ocean front. A typical 
location is found and a habitat scene selected 
among the east-sloping foothills, at the junc¬ 
tion of the Silver and Panoche Creeks (Fig. 
5), where the latter is soon to join the as¬ 
semblage of weird “lost rivers/' as its waters 
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FIG. 4. UPPER SONORAN ZONE NEAR FRESNO 

TYPICAL SPECIES OP THIS ROCKY TERRAIN ARE THE 
DIGGER PINE, BLUE OAK, YELLOW-BILLED MAGPIE, 
BLACK PHOEBE, KIT POX, AND YELLOW WOOD RAT. 

fade out in the sands of the thirsty desert 
to the east. Here at the confluence of these 
brackish streams is ‘ ‘ staked out, ’ 7 as it were, 
this representative habitat group, toned by 
soft lights of the moon. To the left, thread¬ 
ing westward, is a trail, which in pioneer 
days led the traveler from Fresno to the sea. 
Sheer vertical banks of silt mark the erosion 
of streams long since dried up. Bleak hills 
of rock and earth arise, cut from prehistoric 
ocean beds in whose waters long ago roamed 
and ravaged strange monster fish-lizards, 
the Plesiosaurs of the Cretaceous period. 
Plere is a landscape of rare and desolate 
beauty when viewed in the ever-changing 
light of receding or returning day. Life in 
this Lower Sonoran Zone is perhaps not 
abundant in species, but it easily makes up 
for this scarcity by its unique ecological 
adaptations to the needs of its environment. 
Salt brush, gray and harsh, stands well 
spaced over the parched earth. At dawn 
raucous ravens complete the picture of deso¬ 
lation, while desert mammals—pocket go¬ 
phers, pocket mice, and the dainty Dipodomys 


of the sage plains—all are here, harmoniously 
adapted to a habitat where to live must mean 
forever to strive, to save, and to hoard. 
Scarcely has the sun gone from out these 
plains in times of harvest, and darkness 
pressed silently in, when these Dipos, or 
kangaroo rats (Fig. 6)—some no bigger than 
a tiny mouse and others as large as a chip¬ 
munk or pine squirrel, and kangaroo-like in 
superficial anatomy and ways of locomotion 
—begin to garner their harvest of seed pods 
of peppergrass and “filaree.” With tiny, 
nimble, swiftly moving fingers they pack 
them into ever-distending cheek pouches, 
presently placing their store in innumerable 
small, test-tube-like pits, an inch or so in 
depth, dug vertically into the top soil of their 
home den. Here their hoard is packed firmly 
and then covered with dust and left to dry. 
When, in the course of six or eight weeks, 
the seeds are thoroughly desiccated by the 
hot rays of the desert sun, they are trans¬ 
ferred from the tiny pits to the depths of the 
animals’ dens, forming caches of food for 
future needs. Such are the ways developed 
by the strange necessities of the desert. Such 
are the scenes now unfolding on this broad 
trans-state trail. 

Now again, a lower level is reached, be¬ 
tween the outstanding mountain ranges of 
the State. At Los Banos, elevation 104 feet, 
in the Lower, bordering the Upper, Sonoran 



FIG. 5. LOWER SONORAN COUNTRY 

NEAR JUNCTION OP SILVER AND PANOCHE CREEKS. 
SILT BANKS MARK EROSION OP ANCIENT STREAMS. 
HABITAT POR MANY NOCTURNAL DESERT ANIMALS. 
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FIG. 6. GIANT KANGAROO RAT ( DIJP0D0UY8) 

THIS DENIZEN OP THE LOWER SONORAN ZONE STORES 
HIS POOD IN UNDERGROUND GRANARIES IN HIS DEN. 


Life Zone, there opens a wide area of over¬ 
flow land, spreading; an abundance of water 
during freshets from the San Joaquin River 
and producing a homey, marshlike haven for 
the wintering wildfowl, down from the 
Arctic. Especially prominent, on near and 
far-distant landscapes, is the American egret. 
The pools are populated with the avocet, the 
black-necked stilt, and the rare tree duck 
from Mexico way. The rushes have their 
lesser avian population. The San Diego red¬ 
wing, with nest bound in (Fig. 7), the tri¬ 
colored redwing and yellow-headed black¬ 
birds, and Wilson’s snipe • attract attention 
from the areas of aquatic vegetation. 

Presently, west of Kerman, elevation 215 
feet, Lower Sonoran Life Zone, more of the 
semidesert is shown, with here and there 
patches of hitter alkaline soil and associated 
animal and plant life. Far-distant outlines 
of the Coast Range Mountains rise out of 
the west in the evening twilight, which has 
called out the little night-prowling mammals 
to their activities. The odd little grasshop¬ 
per mouse, so called because it likes insects 
for food, the Fresno kangaroo rat, and the 
hoary, the brown, and the Mexican free-tailed 
bats are all here, each bent on its own private 
errand. Fresno itself, 300 feet above* sea 
level, in the Lower Sonoran Life Zone, situ¬ 
ated in a spot that was formerly a desert, has 


spiung into freshness, surrounded by sunny 
vineyards, thrifty alfalfa fields, and groves 
of olives, figs, and oranges. Birds of a home- 
loving nature, such as we like to have around 
lawns and gardens, are here. Bullock’s 
oriole, the western meadowlark, the kill deer, 
the cedar waxwing, and the valley quail 
(Fig. 8) are prominent. The Fresno pocket 
gopher, discovered and first described here, 
is a mammalian representative of the group. 

Eastward again the mountains are calling. 
The San Joaquin Valley is being passed; the 
fine, clear-watered river, which gives its name 
to the valley, is soon to be crossed. The foot¬ 
hills of the Sierra Nevadas are rising into 
rugged view. 

In the San Joaquin River and Old Fort 
Miller Group (Fig. 9), similar in elevation 
and life zone to Fresno, lies much of historic 
interest-—many reminders of those 4 ‘first 
men” of ’49. The old fort, represented in 
the background view, is now a thing of past 
days, having recently been submerged by the 



FIG. 7. SAN DIEGO REDWING GROUP 

THIS BLACKBIRD NESTS IN THE RUSHES OF THE WIDE 
LOS BANOS OVERFLOW LANDS, LOWER SONORAN ZONE. 
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FI Or. 8. CALIFORNIA VALLEY QUAIL AND NEST 
IT IS NOT UNCOMMON TO SEE FLOCKS OF THESE BIROS ON SHELTERED LAWNS IN SUBURBS OF VALLEY CITIES. 


waters stored above the nation’s new Friant 
Dam. Here too is found a bird suggestive 
of pioneer days, Lewis’s woodpecker, one of 
three birds taken back by Lewis and Clark 
from their journey to the Pacific in 1805. 
The wood duck, Anthony’s green heron, and 
the California woodpecker, with his re¬ 
nowned acorn stores, also are represented. 
Beechey’s ground squirrel, of current scien¬ 
tific interest as a possible spreader of the 
dread bubonic plague, is in evidence. The 
California weasel and the San Joaquin mole 
of subterranean habitat have found this re¬ 
gion a favorable place in which to live. 

Not far distant, at an elevation of 714 feet, 
in the Upper Sonoran Zone, is located the 
Table Mountain Basalt Area Habitat Group. 
This is of more than passing interest to the 
geologist, for here is shown, in the back¬ 
ground, a great mesalike slab of basalt, rep¬ 
resenting a fine example of an extensive lava 
flow down the ancient San Joaquin River 


bed; now the deposit is left towering above 
the surrounding country by subsequent ero¬ 
sion of the softer supporting materials. Sheer 
basalt walls suggest the rock-inhabiting and 
cliff-nesting birds, such as the black phoebe 
and the canyon wren. 

From the sea we have come, climbing up, 
down again, and crossing wide valleys. Now, 
progressing ever farther'and higher into the 
great mountain system eastward, our atten¬ 
tion is drawn to the strange tawny forms of 
isolated trees, so big and high as to make 
the stalwart trunks of the silver firs of the 
area look like saplings beside them. We 
stand speechless for the moment; the present 
slips silently away; we have awakened from 
a dream set in another age, long-passed cen¬ 
turies ago. With no thought of the morrow, 
we are content to linger in the cool shades 
of this ever-to-be-remembered twilight hour. 
In this McKinley Grove of Big Trees the 
giant sequoias (Sequoia gigantea) are stand- 
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ing clearly in the open, sunny Transition 
Zone at an elevation of 6,500 feet above the 
sea. Even before the sun’s rays have glinted 
the tallest tips of the sequoias, morning hour 
is announced by the harsh notes of the 
crested jay. Also among the early risers is 
the California pine squirrel, even now aloft 
in the sunny crown of a great towering tree 
and warmly illuminated by golden morning 
sunshine (Pig. 10). His agile form, though 
tiny in the distance, is clearly discernible, as 
he nimbly darts about from branch to branch 
cutting the firm round cones and liberating 
them on their journey to the far-distant for¬ 
est floor. This wise little forest harvester 
has sensed that cones of many pines, spruces, 
and firs, if not harvested in proper time and 
manner, will open their scales with warmth 
and dryness and scatter their seeds to the 
four corners of the wind. Because much of 
his food comes from the seeds of conifers, and 
because he has no cheek pouches in which to 
store wind-strewn seeds, their loss to him by 


the desiccation of the cones must be pre¬ 
vented; so lie cuts the seed-bearing cones 
while they are still quite green and buries 
them in damp springy soil, or in moist shady 
places, where they remain with scales tightly 
closed for weeks, or even many months, ready 
for the stormy days of winter or the lean 
days of crop failure. 

Here in McKinley Grove it is noticeable 
that the forest is thinning out and giving 
way to sunshine. The zone is typically 
Transition, which contains the main forest 
belt in this section of the Sierra Nevada. On 
warm slopes it extends from about 3,500 to 
7,500 feet elevation and contains magnificent 
specimens of cone-bearing trees, with some 
deciduous forest. 

At Huntington Lake-Raucheria Creek, 
7,200 feet, the forest has opened out to the 
blue of the skies on the ridges, yet possesses 
densely shading trees and brush-covered 
walls in the snow-holding canyons. Here is 
first found the trembling aspen (Popuius 



EIG. 9. ALONG THE HISTORIC BAN JOAQUIN RIVER 
representing Another lower sonoran habitat, wildlife here includes beeohey's ground squirrel 

AND THE CALIFORNIA AND LEWIS *S WOODPECKERS. ALONG THE RIVER BANKS WILLOWS GROW ABUNDANTLY* 
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FIG. 10. SIERRA NEVADA PINE SQUIRREL 

THIS AGILE LITTLE RODENT IS SHOWN STORING A CACHE OP GIANT SEQUOIA CONES IN A MOIST SPRINGHEAD. 


tremuloides), an indicator of the Canadian 
Life Zone, which heretofore has not been en¬ 
countered on the journey—a tree common in 
northern Saskatchewan at far lower eleva¬ 
tion. Here too the red fir comes in to replace 
the silver fir of the Transition Zone. In this 
nocturnal habitat group is found the Sierra 
flying squirrel, soft-furred and so pro¬ 
nouncedly nocturnal that it is not commonly 
seen by man unless disturbed from its nest 
by day. It is clan to a southern race of a 
group of mammals ranging far north even 
into Alaska and Labrador. Among other 
forms found here is the mountain beaver, 
standing beside its tunneled home in the 
banks of brooks or springy hillsides; quite 
nocturnal, it harvests green vegetation dur¬ 
ing the nighttime to be placed advanta¬ 
geously for drying by midday sun. The 
cacomistle, or ring-tailed cat, is awake and 
ready for his evening prowling. 

How sharply the trail rises now, in antici¬ 
pation of the high divide outlined in the dis¬ 
tant crags and gray granite boulders. Such 


is the approach to Kaiser Pass and Meadows, 
at 9,200 feet. Canadian Zone, merging into 
Hudsonian Zone, is here, with its lodgepole 
pine and tawny-trunked juniper standing 
sturdily upon impoverished granite slopes. 
The ridges are well opened to the sky, and 
by night the stars are nowhere so bright a‘s 
here. Perhaps on an early day in June, 
which is the beginning of spring here, the 
most impressive awakening life is the waxen 
marsh marigold, lush of leaf, delicately white 
of sepal, yellow of stamen, springing from 
oozy marshland by the side of lingering 
snow. Too, the meadows are now many times 
alive with whistling, scurrying Belding’s 
ground squirrels, recalling in its name an 
early west-coast naturalist. The mountain 
bluebird balances jauntily upon lithe pussy¬ 
willow tips. 

The greatest elevation of all the Coast-to- 
Nevada Series is reached at Tioga Pass, 
10,000 feet above the sea, providing passage 
from Yosemite to the Upper Owens Valley 
(Pig. 11). The life zone is leading clearly 


106 


THE SCIENTIFIC MONTHLY 


into the Hudsonian. The Pass is enjoying’ taken over a century ago in what is now the 
early springtime, although the calendar says Province of Saskatchewan, yet so remote is 
May 30, Here, in the neighborhood of per- their summer habitat that they have long 
petual glacial ice, even hardy vegetation is remained one of North America’s most in- 
slowly passing out of the scene. Mammal viting and interesting birds, 
and bird life is becoming rare in numbers of Often when the mountaineer wends high 
species. A coyote presents a dark retreating through silent mountain passes and conies 
form far over a snowfield, or a marmot may into the low country beyond, it is with a sense 
mount guard among the snow-based crags, of regret and disappointment that new views 
The cry of the cony sounds strangely alone are encountered. Not so here, however, as 
on the sunny, south-sloping rockslicle. The we enter the satisfying Leevining Canyon, 
conies are southern invaders of related spe- which soon opens out into sun-brightened 
cies roaming widely over territory far to the walls of varying colors. Deep down among 
north in America. In California they belong the aspen-fir, through narrowing flats and 
to the startlingly and ruggedly beautiful bars, winds a rushing stream of purest 
Hudsonian Zone. High, and still higher, has water. Tumbling boisterously and noisily 
been the climb to attain it—the counterpart past grassy banks, on and down, over round 
of that alpine Klondike land by the Yukon, boulders, it is soon to spread out onto the 
But the American bird of unique habitat, the upper levels of Owens Valley, 7,000 feet 
Dawson or Sierra Nevada rosy finch, is here, above the sea. Much of the gray-green of the 
where it seems of necessity to retreat at nest- receding slopes of the canyon sides is due to 
ing time. Indeed, the nest of the rosy finch, scattered clumps of pinyon pine, a single- 
a race of several species and varieties in west- leafed, large-seeded conifer, which in season 
ern North America, is sometimes found in furnishes food for the pinyon jay, as well as 
rocky ledges entirely above vegetation. The for man. 

first of these rare birds known to science was At 7,000 feet, again in the Transition Zone, 



FIG* 11* TIOGA PASS, 10,000 FEET ABOVE THE SEA 

PROVIDING ACCESS TO THE UPPER OWENS VALLEY FROM YOSEMITE. THE LIFE ZONE IN CANADIAN-HUDSONIAN* 
LODGEPOLE PINE AND JUNIPER, THE COYOTE AND CONY, AND THE SIERRA NEVADA ROSY PINCH ARE TYPICAL* 









EIG. 12. UPPER OWEN'S VALLEY-WHITE MOUNTAIN HABITAT 
UPPER SONORAN ZONE AT 5,400 FEET. THE CHARACTERISTIC PLANTS HERE ARE GREASEWOOD, PRICKLY-PEAR 
CACTUS, GOLDBUSH, AND SAGEBRUSH, WHICH FURNISH COVER FOR MANY DESERT-LOVING MAMMALS AND BIRDS. 


the naturalist has not far to go before the 
trail gradually loses its steepness and winds 
over an ever-widening canyon mouth, pres¬ 
ently reaching the larger valley, stretching 
on and on, beyond and across to the brilliant 
range of the White Mountains, which mark 
the eastern border of the State. Here the 
freshness of high mountain and dewy canyon 
gradually gives way to somber gray of the 
desert. Far across the desert waste rise the 
splendid peaks of this range, many of them 
10,000 to 13,000 feet high, glistening now in 
the snows of high Hudsonian and Arctic 
altitudes. 

At 5,400 feet again, having descended into 
the Upper Sonoran, we reach the chosen 
habitat of the Upper Owens Valley-White 
Mountain Group (Fig. 12). Harsh plants 
and shrubs of truly xerophytic nature 
abound—the brash, clustered greasewood, 
the prickly-pear or cholla cactus, the showy 
goldbush, and the sagebrush. Animal life 


too is toned in and adapted to conditions of 
the desert. Standing motionless here is the 
gray-sand-colored sage grouse; there the 
grotesque roadrunner, the silver-tongued 
sage thrasher, and the diminutive Brewer’s 
sparrow with anxious concern over its shrub- 
located nest. 

Journey’s end is drawing on. Twilight 
pause of another day has come. Brief re¬ 
membrances, with memories of other trails, 
carry us back, back to ocean lines with mew¬ 
ing gulls, to oak-covered slopes of lesser 
ranges, to desolate moonlit hills and their 
fragile, frugal harvesters of scattered desert 
seeds. Back to the sequoias, serene at the 
end of their centuries; then up, up to the 
home of the brave finches, nesters of the 
Arctic-Alpine realms. Standing in the gray 
desolate beauty of desert shadows, to us there 
come the lines— 

In spots like these it is we prize 

Our Memory, feel that she hath eyes. 





OUR REVOLVING “ISLAND UNIVERSE” AND ITS 
SPIRALING COUNTERPARTS 

By WILLIAM T. SKILLING 


Our earth is an infinitesimal part of a 
great whirlpool of stars called the galaxy, 
or Milky Way. Not only are the sun, moon, 
and planets of the solar system moving as a 
very small unit that drifts with the rotation 
of the galaxy, but all the visible constella¬ 
tions of the sky are so close to us that they, 
too, are our fellow travelers in one small part 
of this cosmic eddy. Only recently has the 
tremendous velocity of our galactic rotation 
been measured and found to be 170 miles a 
second, in the direction of the constellation 
Cygnus. 

On account of the smoothness of our travel 
and the freedom from any sharp turns in our 
course we do not feel this motion any more 
than we do the lesser speed of the revolution 
of the earth about the sun at a mere 18-J miles 
a second. It is not the motion but abrupt 
changes in motion that we feel when riding 
in an automobile or train, and the earth 
makes no such changes in speed. The curve 
that the earth follows in its motion about the 
sun, 93,000,000 miles away, is so gradual that 
in each second the earth departs only one- 
ninth of an inch from a straight line while 
going forward 18£ miles. Only by observing 
other moving bodies and the so-called “ fixed 
stars” are we able to measure or even per¬ 
ceive our annual motion, and it is little 
wonder that astronomers have been slow in 
observing the vaster sweep of the whole solar 
system and its relatively near neighbors 
around a center that is two billion times as 
far away as the sun. 

Soon after the beginning of this century 
the great Dutch astronomer Kapteyn, as a 
result of his studies in his native Holland, 
announced the discovery of two “star 
streams” flowing in particular directions. 
It has long been known that stars have some 
motion with respect to one another. But this 
previously known star motion, including that 
of the sun, was looked upon as being wholly 
at random. Kapteyn was the first to show 
any systematic drifts of great numbers of 
stars in any particular direction. 


Gustaf Strbmberg, at the Mount Wilson 
Observatory, examined the motions of vari¬ 
ous classes of stars and uncovered some sur¬ 
prising facts. ITis analysis of the motions of 
certain stars that the spectroscope showed to 
have very high velocities, fifty miles a second 
and np, proved that their directions arc by 
no means at random. They seem to be leav¬ 
ing a particular part of the sky because the 
sun and its planets are moving toward that 
region. 

The most rapidly moving stars, Strbmberg 
found, are those far distant groups, each con¬ 
sisting of many thousands of closely associ¬ 
ated stars, which are called “globular clus¬ 
ters.” There are about a hundred of these 
clusters. 

Thus, these and other men were finding 
beads of knowledge that eventually had to be 
strung together to show their relationship. 
The first to do this Was Bertil Lindblad, of 
the Swedish observatory at Stockholm. lie 
explained the apparent motion of high- 
velocity stars by fitting them into a theory of 
galactic rotation. lie showed that if we 
assume the whole Milky Way system of stars 
to be revolving, then what otherwise appear 
to be peculiar and unaccountable motions of 
stars become natural consequences of that 
revolution. He likened our system of a bil¬ 
lion or more stars to the spiral nebulae that 
can be seen far beyond the limits of the 
Milky Way and suggested that each of these 
nebulae is itself a distant island galaxy, seen 
as a blur of light because we are unable to 
distinguish any but the brightest individuals 
among its millions or billions of component 
stars. 

Lindblad’s suggestion was not new, but he 
was the first to form a complete theory. As 
far back as the time of Sir William Herschel 
our system of stars was being likened to the 
spiral nebulae. ITerschel, with the large tele¬ 
scope that his patron George III had enabled 
him to build, could see many hazy patches of 
light that he shrewdly guessed might be star 
systems. The name “island universes,” ap~ 
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plied to these suppositional galaxies, became 
common at that time. 

HerscheFs telescopes were not powerful 
enough to resolve these nebulous objects into 
separate stars, but he predicted that all such 
clouds might one day be shown to consist of 
stars. With his largest telescope he had 
already proved that some objects which his 
smaller instruments showed only as glowing 
spots were really star clusters. What could 
be more natural than that with means more 
abundant, even, than those supplied by King 
George, telescopes might be made that would 
break up into stars even the most distant 
spots on the sky? 

This very reasonable guess of HerscheFs 
has since been found to be partly at fault, for 
the spectroscope, of more modern times, 
shows indisputably that some of the nebulae 
are gaseous and that some are made of gas 
and dust clouds mixed. But both the 
spectroscope and the modern telescope give 
evidence that many others are, as TIersehel 
suspected, composed of stars. In addition, 
more recent knowledge of their distances 
shows that gaseous nebulae or those com¬ 
posed of illuminated dust clouds are within 
our own stellar system whereas those that are 
composed of stars are outside of that system. 
Hubble calls them “extragalaetic nebulae 7 > 
to distinguish them from true nebulae. 
Shapley, of the Harvard College Observa¬ 
tory, calls them simply “galaxies.” This 
word indicates their likeness to the stellar 
system but does not distinguish them from 
it as the prefix “extra” does. 

The name by which these outside galaxies 
are popularly known is “spiral nebulae.” 
Both parts of this name are in error for some 
do not have the spiral form and none of them 
are mere clouds, which “nebulae” implies. 
Nevertheless, a spiral form is the most strik¬ 
ing characteristic of those that do possess it. 
The name “island universes” pretty well 
suggests their nature, but it violates the 
usual meaning of the word “universe.” 
Thus all names of these outside star systems 
seem to be open to criticism. 

But what evidence exists to support Lind- 
blad’s theory that our galaxy is one of these 
spiral nebulae ? First, there is the evidence 
deduced from their distances. 


The spiral nebulae lie at such great dis¬ 
tances that the surveyor’s parallax method 
used for nearer stars fails utterly to give any 
idea of their location. However, their dis¬ 
tances had to be known, at least approxi¬ 
mately, before it could be definitely decided 
whether they are separate systems beyond 
our stars or only outlying parts of our 
galaxy. Happily an exceedingly powerful 
indirect means of measurement was discov¬ 
ered by- which Hubble, of the Mount Wilson 
Observatory*, learned that the distance to a 
spiral in the constellation Triangulum is 
about three-quarters of a million light years. 
Another still more conspicuous one in An¬ 
dromeda was found to be at practically the 
same distance. 

The method employed by Hubble makes 
use of a certain kind of star known as a 
“Cepheid Variable,” a number of which had 
been discovered in the spirals. These stars 
are exceptionally bright intrinsically and 
can be seen at a great distance. As far away 
as these variable stars can be clearly seen 
their distances can be calculated, for their 
period of change from maximum brightness 
to maximum again is a key to their real 
brightness, and this, in turn, is a key to their 
distance. 

A curve can be drawn (from Table I, for 
example) showing the relation between 
period and brightness, and from the curve 
the actual luminosity of a star of any period 
can be found. Then by simply comparing 
this real brightness with the brightness that 
the star seems to have, as measured with a 
photometer, the star’s distance can be found. 
(If there is obscuring matter between us and 
the star its dimming effect must be found 
and allowed for before the comparison of 
real and apparent brightness is made.) 


TABLE I 

Brightness of Cepheid Variables of 
Different Periods 


Period in days 

Number of times brighter 
than sun 

n 

350 

5 

550 

10 

830 

20 

1500 

40 

2500 
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The two nearest of the spiral nebulae were 
in this way found to be so distant as to be 
well separated from the outermost stars of 
our galaxy. The estimated distance from 
side to side of the Milky Way system is about 
100,000 light years. Seven or eight such sys¬ 
tems could be laid side by side in empty 
space between our stars and those of the 
great nebula in Andromeda, one of our two 


.star clusters or star clouds, such as are seen 
along the Milky Way. 

Third, the similarity of our star system 
and the spiral nebulae is shown in the flat¬ 
tened shape of each (Pig. 1). Ilerschel, with 
unlimited patience, counted stars in all direc¬ 
tions and found that the stellar system is 
“shaped like a grindstone,” to use his own 
comparison. More recent counts amplify 



Courtesy of the Mount Wilson Observatory 
FIG. 1. THE SPIRAL NEBULA H V 19 IN ANDROMEDA 

DOUBTLESS OUR GALAXY WOULD RESEMBLE THIS NEBULA IF SEEN EDGE ON FROM A GREAT DISTANCE. THE 
DARK CENTRAL LINE IS CAUSED BY DUST IN THE PLANE OF THE NEBULA AND CORRESPONDS TO THE DARK 
RIFTS IN OUR MILKY WAY. THE INDIVIDUAL STARS ARE IN THE FOREGROUND—WITHIN OUR GALAXY. 

nearest neighbors, before the gap would be Ilerschel’s discovery by showing that the sun 
bridged. and the solar system are not centrally situ- 

A second point of similarity between our ated in our galaxy. To the naked eye or with 

galaxy and the spiral nebulae is size. The a small telescope there seem to be about as 

sizes of extragalaetic nebulae, as found from many stars in one direction as in another in 

their angular diameters and distances, ap- the plane of the Milky Way, but with a tele- 

proacb nearly enough the size of the stellar scope that will penetrate to greater depths 

system to warrant their being classed with it many more stars can he seen in the direction 

rather than with even the largest of onr own of Sagittarius than in that of Auriga. The 
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reason is that we are far out from the center 
in Sagittarius toward the “anticenter’ ? (the 
point opposite the center) near Auriga. 
Measurements of a different kind place us 
about two thirds of the way from the center 
to the circumference. But still we are nearly 
in the plane of the Milky Way. 

Finally, the motion of our galaxy is similar 
to the motion of the spiral nebulae. It is 
now definitely known that the spirals are 
rotating. For this belief is there not strong 
presumptive evidence in the appearance of 
the spiral nebulae ? There seems little doubt 
that they have acquired their flattened pin- 
wheel appearance (Fig. 2) from rotation 
about a center, for a group of stars would in 
time collapse to their common center if it 


were not for the centrifugal effect of motion 
that counterbalances the inward pull of 
gravitation. If this appearance were not 
sufficient proof of the rotation of the spirals, 
there are spectroscopic observations to show 
it. V. M. Slipher, at the Flagstaff Observa¬ 
tory, and more recently Dr. Hubble, at the 
Mount Wilson Observatory, have used the 
spectroscope upon nebulae in much the same 
way it is used in measuring the velocity of 
rotation of a planet. Using spiral nebulae 
that do not have their flat side directly to¬ 
ward us, the slit of the instrument was set 
as nearly as could be upon the equator of the 
spiral, perpendicular to the axis of rotation. 
The resulting spectral lines slant because of 
the approach of one side of the light source 


■ Courtesy of the Mount Wilson Observatory 

FIG. 2. THE SPIRAL NEBULA M 33 IN TRIANGULUM 

OUR GALAXY WOULD PROBABLY RESEMBLE THIS NEBULA IP WE COULD SEE IT PROM THE OUTSIDE NEARLY PLAT 
SIDE ON. ITS PLANE IS TILTED 33° TO THE LINE OP SIGHT, AND SO IT HAS BEEN POSSIBLE FOR ASTRONOMERS 
TO MEASURE WITH THE SPECTROSCOPE THE ROTATIONAL SPEED OP MANY OF ITS POINTS OP CONDENSA¬ 
TION. THE NEBULA ROTATES AS IP IT WERE A SOLID FROM THE CENTER HALF WAY OUT TO THE EDGE, 
AFTER WHICH SPEED FALLS OFF. ITS MAXIMUM SPEED OF TURNING IS ABOUT 75 MILES A SECOND, AND 
"THE WHOLE NEBULA APPROACHES US AT ABOUT 100 MILES A SECOND. DIRECTION OF ROTATION IS CLOCKWISE. 
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and the recession of the other side. Slipher 
and Hubble agree that there is motion in the 
direction we should expect; most ol* the ma¬ 
terial of the nebula is at the more condensed 
central part, and as this turns, the two arms 
projecting from its opposite sides are left 
trailing behind. 

At our great distance from the spirals the 
angular motion is too slow to be observed 
with certainty on direct photographs of the 
nebulae, even with pictures taken several 
years apart. Perhaps photographs of the 
next century when compared with those 
taken by this generation of astronomers may 
show changes in the position of stars of these 
galaxies. 

There can be no question as to the rota¬ 
tion of spiral nebulae; what, then, is the evi¬ 
dence that our system of stars is like them? 
Some of the extragalactic nebulae that are 
not spiral show no sign of motion. If our 
galaxy turns, how would the motion of its 
stars be observed to show whether or not they 
are revolving about a common center ? Lind- 
blad was unable to make any direct measure¬ 
ment of our galactic rotation. The position 
of the earth within the galaxy is an unfavor¬ 
able one for observation of its rotation. So 
Lindblad’s approach to the problem was to 
explain, in so far as possible, all observed 
motions of the stars of the galaxy (as they 
appear to move with reference to our sun) 
in terms of a great rotation. 

Lindblad interpreted the apparent motion 
of the so-called “high-velocity stars” as be¬ 
ing caused by our more rapid rate as we and 
they revolve, all in the same direction, 
around the center of the stellar system. 
These slow “high-velocity stars” seem to be 
headed backwards with respect to the true 
direction of all the stars. They seem rapid 
because they lag behind so rapidly. 

But why would not stars equally distant 
from the center of the galaxy all move 
equally fast? For comparison, it is well 
known that a comet travels very slowly while 
going around the end of its long elliptical 
orbit that is farthest from the sun. Then it 
gains great speed through years spent in 
falling closer. Halley’s comet, for example, 
went about 35 times as fast in 1910, when it 
was making the quick swing around its 
“perihelion,” as it is moving now, during 


the 1940 and 1950 decades, when it is out 
beyond the orbit of Neptune. As the comet 
falls back toward the sun it will regain its 
speed. Even the earth, which has an orbit 
nearly but not quite circular, goes faster in 
December than in June because it is then 
3 per cent nearer the central sun. It is 
partly due to this greater velocity of the 
earth that winters in the northern hemis¬ 
phere are a week shorter than summers. If 
their orbits were exactly circular around the 
sun, all bodies at equal distances from it 
would go at the same velocity, whether they 
were planets, comets, baseballs, or grains of 
sand. Stars would behave in the same way 
in going around their attracting center. 

In the great rotation of our galaxy most 
star orbits around the common center are 
nearly circular, and therefore any two stars 
fairly close together, say within a hundred 
light years of each other, move at nearly the 
same velocity. The sun is a typical star and 
has a nearly circular orbit. The difference 
between the velocity the sun actually has and 
what it would have if its orbit were exactly 
circular is found by comparing its motion 
with the average for all stars in its vicinity. 
This variation from the average velocity is 
called “solar motion.” It is 12 miles a sec¬ 
ond, as was found by several observers. The 
variation of the rate of any star from the 
velocity it would have if its orbit were circu¬ 
lar can be similarly found. These variations 
in the velocities of stars caused by differences 
in the shapes of their orbits are often spoken 
of as their “peculiar motions,” to distin¬ 
guish them from the variations in velocities 
caused by differences in distance from the 
center of the galaxy. 

Although an occasional star is found to 
have a velocity with respect to the sun 
greater than 50 miles a second, it is never 
going in the direction of the sun’s revolution 
around the galactic center. It is always a 
slow star that we are overtaking. No stars 
have been found that run as much faster 
than, the sun as some of them run slower. 
The reason is that they would be thrown out 
of the galaxy by centrifugal effect if they 
did. Neighboring stars can go a little faster 
than the sun, but they cannot go much 
faster. If a star should pass us with a 
velocity as much as thirty or forty miles a 
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second greater than that of the sun, we could 
bid it farewell, for such a motion would 
carry it out of the stellar system beyond the 
gravitational control of the stars. 

In this way the puzzling stream of “high 
speed stars 77 was explained by Lindblad in 
simple terms of gravitation. They are 
really low velocity stars at the slow end of 
eccentric orbits, and we, and other stars of 
fairly uniform speed, are overtaking and 
passing them. These eccentric stars will in 
time fall in toward the center, regaining 
speed, but now they are lagging badly 
behind. 

And the extreme high speed of globular 
clusters of stars, as much as 170 miles a sec¬ 
ond, simply means that these clusters are not 
part of our galaxy at all, or at least do not 
rotate with it, and the observed velocity is 
really our own speed of travel with the 
galaxy as we go rapidly past the stationary 
clusters. 

Soon after Lindblad 7 s explanation of 
“high velocity 77 stars and other phenomena 
of stellar motion, a Dutch astronomer, Oort, 
developed a direct method of studying the 
rotation of the galaxy by using the velocities 
of many stars at known distances from us. 
He worked out a comparatively simple means 
of using such measurements to learn a great 
deal about the stellar system and our position 
in it. His plan of procedure has been used 
since then by a number of astronomers, who 
have applied it to various classes of stars. 
Notwithstanding the great difficulty of mak¬ 
ing the required measurements the different 
workers have arrived at very similar results. 

Oort 7 s plan is based on the fact that revolv¬ 
ing bodies controlled by a central attractive 
force move at unequal speeds depending on 
differences in distances from the center (Pig. 
3). The different velocities of planets re¬ 
volving around the sun illustrate this. Pluto, 
the outermost planet known, travels at 3 
miles a second; Jupiter, nearer the sun, at 
8.1 miles; the earth at 18.5; and Mercury, 
nearest the sun, has an average speed of 
nearly 30 miles a second. 

Our solar system of sun and planets has 
practically all its mass at the center; 99f per 
cent of it resides in the sun, only £ of 1 per 
cent in the planets. Being so constituted, the 


rate of motion of a planet at any known dis¬ 
tance from the center is very simply calcu¬ 
lated by means of Kepler 7 s great discovery 
of more than three hundred years ago, his 
law of “harmonic motion. 77 

The rate of motion (and the period) of a 
star at any given distance from the center 
of the stellar system is not so easily found, 
for the mass of the system is more widely dis¬ 
tributed. There is no great central star 
dominating all else. If the distribution of 



PIG. 3. INTRAGALACTIC VELOCITIES 

SHOWING- RELATIVE VELOCITIES OF SUN (S) AND STARS 
AROUND THE GALACTIC CENTER. SHORT ARROWS REPRE¬ 
SENT COMPONENTS OF MOTION OF STARS TOWARD OR 
FROM THE SUN, AS SHOWN BY THE STARS f SPECTRA. 

material in the stellar system were quite 
uniform throughout, with no concentration 
of stars toward the center, the whole flat¬ 
tened Milky-Way system would rotate as a 
wheel, and we could detect no motion at all 
unless we could observe some outside land¬ 
marks, such as extragalactic nebulae, that do 
not revolve with the stars. 

Actually, however, the stars of our galaxy 
are sufficiently concentrated near its center 
to give measurably different stellar veloci¬ 
ties. Yet the galaxy is so large and the dif- 
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ference of velocity as seen from tlie earth so 
small that our greatest telescopes are needed 
to observe the relative motion; even with the 
largest telescopes we cannot observe indi¬ 
vidual stars of our system as far away as 
the center of the galaxy, and only with diffi¬ 
culty can star velocities be measured as far 
as one fourth the distance to the galactic 
center. Since Oort’s method of detecting 
and computing the rotation of the stellar 
system depended upon measuring their rela¬ 
tive motion, his work had to be based upon 
observations of the most distant observable 
stars. But even these are relatively close in 
terms of the dimensions of the galactic 
whirlpool. 

Because the closest stars that can be used 
in obtaining data for Oort’s method had to 
be more than a thousand light years distant 
from us, Plaskett and Pearce of the Do¬ 
minion Observatory, Victoria, B. C., worked 
with those very hot and white giants of 
classes 0 and B. Bigel, lying at the foot of 
Orion, is one of these and is one of our 
brightest appearing stars, but being only 
about five hundred light years away is too 
close to be used in Oort’s method. However, 
stars of this type can easily be seen at much 
greater distances with such a tel (‘scope as the 
one at Victoria. 

Others have used those reddest of all stars, 
the N type, which average several hundred 
times the brightness of the sun. The so- 
called “planetary nebulae” are stars sur¬ 
rounded by gas, which makes them excep¬ 
tionally luminous. The peculiar, brilliant 
gas, supposed to have been thrown out by 
some violent explosion long ago, can be seen 
at astonishing distances. But in some re¬ 
spects the best stars of all to show rotation 
of the galaxy are the Cepheid variables, the 
stars that gave distances to the spiral nebu¬ 
lae as mentioned above. Joy, at the Mount 
Wilson Observatory, has studied about a 
hundred and fifty of these, distributed 
mainly along the Milky Way. The results 
thus obtained are very dependable because of 
the unusually reliable manner, explained 
above, in which their distances can be deter¬ 
mined. 

Motions of these stars conld theoretically 
be measured in two ways: by getting the 
angular distance they travel across the sky 


in a certain length of time—their “cross- 
motion”—or by finding the speed in miles a 
second by which they come closer to ns or 
move farther away—“radial motion” or 
“motion in the line of sight.” The spectro¬ 
scope will measure this line-of-sight speed. 
The lines of the spectrum of an approaching 
or receding star are shifted a little toward 
the blue or the red end of the spectrum as a 
result of the motion. This is often called the 
“Doppler shift.” The greater the speed of 
the star the greater the shift. 

Cross-motion is not useful, in studying 
galactic rotation, as many years must elapse 
between the taking of two photographs of the 
stars to show any appreciable change in their 
positions. But the spectrum of a star can be 
photographed in a few minutes (or hours, 
depending on its dimness) and the star’s 
radial velocity is found immediately. 

The general principle of Oort’s method 
may be readily understood by considering 
the solar system. A planet, such as Venus, 
when nearest the earth and directly between 
us and the sun has cross-motion because it 
goes faster than the earth, but it has no 
radial motion that would be indicated by the 
spectroscope because it is keeping parallel 
to the earth’s orbit and so is not changing 
its distance from the earth. .Likewise Mars 
when nearest the earth on the opposite side 
from the sun is not changing its radial dis¬ 
tance, although it has cross-motion because 
it moves slower than the earth. 

If we assume another planet a little in 
advance of the earth, or behind it, in the 
same orbit, the hypothetical planet would 
show no radial motion. The spectroscope 
would show it as a stationary object. But in 
all other directions except these four—to¬ 
ward the center, away from the center, 
straight ahead, or straight behind—-planets 
would appear to be coming closer to us or 
getting farther away from us, and the spec¬ 
troscope could measure this speed of ap¬ 
proach or recession. 

So it is with the stars. Those directly 
ahead of us or behind us in our revolution 
about a common galactic center, and those 
toward the center and away from the center, 
show no motion in the line of sight to be 
measured by the spectroscope. (This would 
be true except for the special motions al- 
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ready mentioned, usually slight, for which 
correction can be made.) All other stars— 
all that are not in these four directions— 
both those farther from the center of the 
system than we are and those closer to it, 
have more or less apparent motion in the line 
of sight. Those having the greatest motion 
are the stars half way between the points of 
no motion. Therefore, at 45° along the 
Milky Way to each side of the center of the 
stellar system and at 45° each side of the 
anticenter maximum radial motion is indi¬ 
cated by the spectroscope. 

Hence, spectroscopic measurements of 
radial velocities of stars along the Milky Way 
will show where the center is, around which 
the stars revolve. It must be at one of the 
points of zero radial velocity, and half way 
between two points of maximum velocity. 
It is found to be in the Milky Way in the 
direction of the great star clouds of Sagit¬ 
tarius and Scorpio. The anticenter (180° 
from the center) is in the Milky Way where 
the constellations of Taurus, Auriga, and 
Gemini meet. A third point of interest is 
the one toward which the solar system is 
moving. It is in the Milky Way also, and 
naturally is at right angles to the line lead¬ 
ing to the center. It is located in Oygnus, 
near the star Deneb. 

The distance to the center, as well as the 
direction to it, can be found from the star 
velocities given by the spectroscope. The 
principle upon which this is done may be 
briefly stated. A star at the same distance as 
the sun from their common center of revolu¬ 
tion would, if fairly near the sun, be almost 
in the tangent to the sun’s orbit (that is, 90° 
from their common center). But if the star 
is six or eight thousand light years ahead of 
the sun, it would have turned in toward the 
center several degrees from the tangent at 
the sun. At a thousand light years distance 
it would be seen about 1° off the tangent, or 
89° from the center instead of 90°. Gepheid 
variables were measured out to a distance of 
about 8,000 light years from the sun. The 
direction to a star at that distance with no 
radial motion is not quite the same as the 
direction to a closer star with no radial 
motion. There is a measurable angle which 
gives the curvature of the sun’s orbit (see 
Pig. 3). Joy’s result with Cepheids and the 


results of others using different classes of 
stars agree very well in giving about 33,000 
light years as the distance of the solar system 
from the galactic center in Sagittarius. 

The diameter of the whole stellar system 
has been estimated at about 100,000 light 
years; hence our place in the system is about 
two-thirds of the way out from the center 
toward the edge of the Milky Way, in the 
direction of the constellation Auriga and 
away from the constellation Sagittarius. 

Another interesting value growing out of 
these spectroscopic measurements is the 
velocity of sun and stars around the great 
central nucleus of star clouds. 

The result actually given by the star’s 
spectrum is the component of velocity di¬ 
rected toward or away from the observer 
(see Fig. 3). The maximum value of this 
line-of-sight velocity is called “Oort’s con¬ 
stant” because it figures so prominently in 
the method devised by Oort for studying 
galactic rotation. It is a constant quantity 
for any given difference in distance to stars 
along the Milky Way:, for each additional 
1,000 light years in any of the four directions 
of maximum radial motion, the radial motion 
increases about 31 miles a second. Thus, for 
a star at 8,000 light years from us the spec¬ 
troscope should show a velocity of about 28 
miles a second. Using the well-known laws 
of gravitation, this value can be related to 
the speed of rotation of the galaxy. Oort 
worked out an equation in which his “ con¬ 
stant” w r ould be one of the known terms, the 
distance to the center another known term, 
and the velocity of the sun the unknown term 
to be found. 

Based upon the above principles various 
observers have arrived at somewhere near 
170 miles a second as the velocity of the sun 
and its planets in their revolution around the 
center. Most of the stars that are near 
enough to be visible to the naked eye move 
at about the same speed, and that is why a 
great telescope is needed to study the revo¬ 
lution of the galaxy. 

Knowing the velocity of the sun and its 
distance from the center it is a mere matter 
of arithmetic to find its period, of revolution 
around the center. The radius of the orbit 
is 33,000 light years, each light year being 
nearly six trillion miles. The period found 
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proves to be in the neighborhood of 200 mil¬ 
lion years. 

Geologists place the age of the earth at 
around 2,000 million years, basing their esti¬ 
mate on the chemical analysis of rocks con¬ 
taining the radioactive element uranium and 
a peculiar kind of lead into which it very 
slowly changes at a known rate. The rela¬ 
tive amounts of the two metals show when 
the rock was formed. From these figures it 
would seem that the sun and earth have had 
time for only about ten revolutions around 
the distant center of the stellar system since 
the earth was formed and solidified. 


Slow and difficult as it has been to work 
out and prove this theory of galactic rota¬ 
tion, the theory simplifies astronomy by re¬ 
lating to one another various puzzling facts 
about motion that are hard to understand 
one by one. Such matters as “star stream¬ 
ing/ 7 “asymmetry of motion/ 7 and “high 
and low velocity stars/ 7 are more easily ex¬ 
plained together than separately. In this 
respect the rotation theory has, in a mea¬ 
sure, paralleled the heliocentric theory of the 
solar system by which Copernicus explained 
such riddles as “retrograde motion 77 of 
planets. 


DOMINION 

Now Man must take unto himself dominion , 

The sovereignty he has given his inventions. 

His is the brain behind his own machinery, 

Should ever the lesser dispossess the greater f 
The use beneficent, not the use injurious, 

Should be his program, his unceasing doctrine. 

The silver bird that spreads its wings to heaven 
Man’s glorious conquest of the sky announces, 

But how does Man reward his own bright genius f 
By hurling down—upon himself! — destruction. 

And on he goes, discovering and inventing, 

An artless child near gas with matches playing, 

The power he takes from earth’s entrails will seize him, 

With earth-shaking fury rend him, him and Ms offspring. 
Before he further searches out the atom, 

Let him ask himself this question: “Am 1 ready f” 

Until he is, he had better stay his power 

And look within. And look within. God help him! 

—Elizabeth Parkiiill Jordan 


j 



ARTESIAN WATER AND AUSTRALIA’S 
PASTORAL INDUSTRY 

By JAMES E. COLLIER 


Australia is one of the leading nations of 
the world in the development of pastoral in¬ 
dustries. It ranks first in number of sheep, 
with 116 million head in 1940; the U.S.S.R, 
ranking second, has 110 million; the United 
States, third in rank, has but 50 million, 
while Argentina has 44 million and the 
Union of South Africa 38 million. Australia 
supplies more than one-third of the world’s 
total wool exports and ranks second to New 
Zealand in mutton exports. Cattle are sec¬ 
ond to sheep in Australia, both in number 
and in derived income. In 1940 the Com¬ 


monwealth ranked fourth among the cattle- 
raising nations of the world, with 13 million 
head; the United States, the U.S.S.R., and 
Argentina had 72, 53, and 33 million head, 
respectively, and the Union of South Africa 
had 12 million. 

Characteristics op Pastoral 
Industry 

Land Use. In Australia practically all the 
one billion acres of land leased from the Gov¬ 
ernment and most of the 184 million acres of 
privately owned land are devoted to pastoral 



FIG. 1. BELIEF-LOCATION MAP OF AUSTRALIA 

THE PRINCIPAL HIGHLANDS OP THE CONTINENT FORM A CRESCENT ROUGHLY PARALLELING THE EASTERN COAST* 
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FIG. 2. AVERAGE ANNUAL RAINFALL OF AUSTRALIA 

ONLY ONE-SEVENTH OF THE CONTINENT HAS AN ANNUAL RAINFALL OF AS MUCH AS 30 INCHES; TWO-THIRDS 
HAS LESS THAN 20 INCHES; ONE-THIRD LESS THAN 10 INCHES. DATA TAKEN FROM YEARBOOK OF AUSTRALIA. 


use. This is more than half the total acreage 
of the country. On the greater part of this 
grazing land the forage is the natural growth 
of grasses, hush, and shrub. Most of it is 
found in the eastern half of Australia in the 
states of New South Wales, Victoria, and 
Queensland (Fig. 1), but some occurs in the 
regions to the south, west, and north of the 
desert core of the continent. Approximately 
one-half of the area of Western Australia is 
sparse grazing land best adapted to sheep. 

Almost 40 per cent of the area of the 
Commonwealth is classified as wasteland be¬ 
cause of low and uncertain rainfall and the 
absence of surface or subterranean supplies 
of water. 1 Practically all of this type of land 
occurs in the interior of the continent, al¬ 
though it extends almost to the Great Aus¬ 
tralian Bight on the south. 


Rainfall Conditions. The chief reason for 
the extensive development of the pastoral 
industry in Australia is obviously lack of 
adequate rainfall for normal humid agricul¬ 
ture. Only one-seventh of the continent has 
an annual rainfall of as much as 30 inches 
(Fig. 2), two-thirds has less than 20 inches, 
and more than one-third has less than 10 
inches. The semiarid land of Australia is 
four times as extensive as that of the United 
States. One-third of the continent is perma¬ 
nently drought-stricken, and one-half has no 
rains for six months or more of the year. 
Moreover, because of the relatively high tem¬ 
peratures—two-fifths of Australia lies in the 
Tropics—the rainfall received is not so ef¬ 
fective as similar amounts in cooler latitudes. 
The annual evaporation ranges from 31 
inches in the cool, humid southeastern re- 
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gions to more than 100 inches in the arid 
interior. In the desert area of Western 
Australia the rainfall is 9 inches and evapo¬ 
ration is 145 inches a year. 

In addition to being very limited in 
amount, the rainfall of the Australian in¬ 
terior is erratic and unreliable, being derived 
largely from thunderstorms. Most of it 
comes during the warmer season, but at best 
the grasses dry up for much of the critical 
summer period. At Stuart (Alice Springs) 
in the Northern Territory there is an annual 
average of 10.79 inches, but in 1918 only 4.2 
inches fell and two years later 28.57 inches. 
The average annual evaporation at the 
Stuart station is 96 inches. Roebourne, on 
the northwestern coast of Western Australia, 


has an average annual precipitation of 15 
inches, but in 1891 there was less than 1 inch 
and in 1900 as much as 42 inches. 

Pasture, Range Capacity, and Holdings . 
The most valuable pasture lands are those of 
the regions of temperate grassland, tem¬ 
perate forest, tropical grassland (chiefly 
Mitchell grass), savanna grassland, savanna 
woodland, and saltbush (Fig. 3), approxi¬ 
mately in the order listed. Most of the areas 
of temperate forests and some of the savanna 
woodland and temperate grassland are suit¬ 
able for cultivated crops and are not alto¬ 
gether pastoral in use. There is some graz¬ 
ing even in these more humid areas. In the 
regions of tropical grassland, savanna grass- 



FIG. 3. NATURAL VEGETATION OF AUSTRALIA 

DISTRIBUTION OF THE TEN TYPES: 1, TROPICAL RAIN-FOREST; 2, SAVANNA WOODLAND; 3, SAVANNA GRASS¬ 
LAND; 4, TROPICAL GRASSLAND; 5, SALTBUSH; 6, SCRUB WOODLAND (MALLEE) * 7, ARID MULGA; 8, FIXED 
DUNES; 9, TEMPERATE GRASSLAND; 10, TEMPERATE FOREST. AFTER GRIFFITH TAYLOR AND MACDONALD HOLMES* 
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land, arid mulga (acacia), and saltbush, de¬ 
velopment is almost entirely pastoral. 

The grasses of the northern savannas dry 
up for about sis months of the year, and the 
stock subsists on the resulting natural hay. 
This forage is more nutritious in the areas 
with less than 20 inches of rainfall. With 
more than that amount the grass ripens be¬ 
fore the end of the rainy season and is 
leached of much of its nutritive content by 
the continuing rain. Common practice is to 
burn this grass as soon as it becomes dry and 
to graze the cattle on the new short grass 
that grows before the soil moisture is lost. 
This does not suffice until the nest rains, 
however, and the herds become underfed and 
lose considerable weight before the begin¬ 
ning of the rainy season in December. 2 The 
greatest pastoral activity of northern Aus¬ 
tralia, therefore, is between the 15- and 20- 
inch isohyets, where the grass, when dry, 
achieves its maximum nutritive value and 
where there is not too little rain for an abun¬ 
dant growth of these grasses. Some grasses 
are better than others. Mitchell grass is 
perhaps the best, and its success is due to its 
heavy carrying capacity, together with a 
tendency to improve rather than deteriorate 
under relatively heavy grazing. 

In the better parts of the sheep-grazing 
region, with 20 inches or more of rainfall, the 
density of the sheep population is about one 
for each three acres of grazing land. In the 
arid grazing lands of the southern part of 
Northern Territory there are 130,000 head 
of cattle and 5,000 or 6,000 sheep. If we 
consider nine sheep the equivalent of one cow 
in grazing requirements, the grazing area per 
animal unit in a territory of approximately 
700,000 square miles is about 640 acres. In 
the comparable arid grazing region of west¬ 
ern United States only 75 acres are required. 

The area necessary to yield an adequate 
income to each population unit (a family of 
four) varies from 10 to 50 acres on the humid 
east coast. In the wool and wheat zone of 
the western slopes of the major highland 
region an area of 300 to 600 acres is neces¬ 
sary. In the drier regions of the interior the 
acreage requirement increases to tens or hun¬ 
dreds of thousands of acres. The type of 
operation is in direct response to these condi¬ 
tions. Companies with large assets can per¬ 


sist better than individuals. Over wide areas 
a good rainfall season in one part tends to 
balance the poor season of another. Rarely 
do droughts affect all portions during the 
same year. Large holdings are essential if 
stock is to be moved from regions of drought 
to areas in which the rainfall has been more 
nearly normal. 

In all the agricultural and pastoral regions 
of the Commonwealth in 1938 there were 
233,125 private holdings, including both 
owned and leased land, embracing an area 
of 180,597,000 acres, an average of 775 acres 
for each holding. 1 The leased land in 1939 
totaled 887 million acres in 254,294 holdings, 
an average of 3,488 acres per holding. These 
range from 100 acres to a half-million acres 
in extent. Two-thirds of the number of hold¬ 
ings comprise 12 per cent of the land area, 
while 19 per cent includes approximately 
three-fourths of all the privately held land 
(owned and leased). In this latter category 
are found the huge cattle and sheep stations 
of the arid and semiarid interior. In western 
New South Wales, for example, 85 per cent of 
the holdings range from 20,000 to 100,000 
acres in size, and some contain as many as 
400,000 acres. 3 In this same area there is 
one sheep to each 20 acres of grazing land. 
The average number of sheep for each indi¬ 
vidual holding is 1,146. Stations with 5,000 
or more sheep dominate the industry. More 
than one-half of the 50 million sheep are on 
one-tenth of the holdings, all of which are of 
enormous size. 

Water Supply for Stock . Extensive graz¬ 
ing in regions of less than 20 inches of rain¬ 
fall is possible only with a supplementary 
supply of water for the stock. It is lack of 
such water rather than shortage of forage 
that puts a limit on pastoral occupance in 
much of the Australian interior. The rain¬ 
fall-evaporation ratio of regions with low 
annual rainfall prevents the accumulation of 
surface water except in the case of occasional 
water holes and the lakes of the interior, 
most of which are saline. Except for the 
Murray-Darling system in the southeast, no 
large permanent streams flow from the humid 
regions through the drier areas. The Mur¬ 
ray and Darling Rivers furnish water for 
some irrigation, but little is used for stock. 
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Along the intermittent streams of interior to create reservoirs supplementing other sup- 
Anstralia there are occasionally long, ribbon- plies of water are very limited in their scope, 
like water holes that have been sconred Over a much larger area it is possible to tap 
deeper than the remainder of the channels the waters of the several artesian basins, and 
and that retain water for varying lengths of on the whole this source of water plays a 
time after the infrequent thundershowers and much more important part in the grazing in¬ 
floods. Descriptions of these water holes as dustry than any other. It is this source that 
they occur in western Queensland indicate is under consideration at the moment, 
that they are becoming less and less depend- The irregularity of rainfall from year to 
able as sources of surface water supply, be- year as well as the small annual totals makes 
cause major floods to replenish them are the supply of stock water of extreme impor- 
becoming more infrequent. 4 tance during some years. The vegetation 

The hazardous character of pastoral devel- usually persists and in most years provides 
opment is minimized by damming the rivers sufficient forage, but a supplemental water 
in the eastern mountain zones in order to fur- supply is necessary for the sheep and cattle, 
nish permanent stock water areas, by preser- This is obtained for the most part from 
vation of special grazing areas in submar- artesian wells. 

ginal agricultural lands, and by the use of In addition to meeting a vital need of 
artesian water. The permanent mountain water supply during normal years, artesian 
and highland streams that may be dammed water along the routes of movement makes 



PIG. 4. DISTRIBUTION- OP SHEEP IN’ AUSTRALIA 

DATA FOR THIS MAP AND FOR FIG. 5 TAKEN FROM YEARBOOKS OF THE STATES AND FROM THE REPORT ON THE 
ADMINISTRATION OF THE NORTHERN TERRITORY BY THE PARLIAMENT OF THE COMMONWEALTH OF AUSTRALIA. 
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FIG. 5. DISTRIBUTION OF CATTLE IN AUSTRALIA 


it possible to transfer large numbers of cattle 
and sheep from interior ranches to coastal 
markets and from drought-stricken areas to 
less severely affected regions. In the years 
or series of years of more extreme drought, 
forage becomes so sparse and water so limited 
that the stock must be moved to areas where 
drought conditions are less severe if the ani¬ 
mals are to survive. In recent years artesian 
wells have been drilled, and tanks and reser¬ 
voirs constructed along the routes of migra¬ 
tion, making a supply of water available for 
the movement from stricken areas and thus 
reducing the severe losses that have been sus¬ 
tained in the past. Routes from many of the 
isolated grazing areas of the interior to mar¬ 
kets or railheads are served in the same man¬ 
ner. The transference of large herds of 
cattle for hundreds of miles over the stock 
routes, which are the roads of much of inland 
Australia, is a routine part of the life of the 
cattlemen. 


The existence of hundreds of thousands of 
head of cattle and sheep in the regions of less 
than 20 inches of rainfall (Pigs. 4 and 5) 
is made possible by underground water. 
Almost half of Queensland has less than 20 
inches of rain, yet cattle are not much less 
densely distributed in its southwestern half 
than in the eastern highlands, which have a 
considerably greater rainfall. Most of the 
cattle of Northern Territory exist by virtue 
of the artesian water. In the coastal zone of 
the Territory, with 80 to 50 inches of rain, 
temperatures are generally too high for sue- 
cessful cattle raising; whereas in the central 
and southern portions, where temperatures 
are more favorable, the rainfall is low and 
additional water is required. There are 14 
million sheep, 12 per cent of the country's 
total, in central Australia where the rainfall 
is inadequate and where ground water must 
supplement it. Most of the cattle and sheep 
of Western Australia are found in areas in 
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EIG. 6. CROSS SECTIONS OE ARTESIAN BASINS 

TAKEN ALONG LINES ABO AND DE OF FIG. 7. ADAPTED FROM T. W. E. DAVID, GEOLOGICAL MAP OF AUSTRALIA. 


which artesian water is available. Except in 
the northeast and southwestern portions the 
rainfall of Western Australia is 20 inches or 
less. 

On the lower western slopes of the eastern 
highlands of Australia cattle and sheep re¬ 
place the wheat and other crops of the more 
humid upper and eastern slopes. The arte¬ 
sian water of the Murray River Basin is of 
significance, making possible the develop¬ 
ment of grazing there. Northwestern Vic¬ 
toria has its semiarid region, a continuation 
of that of New South Wales, although less 
extensive. In South Australia there has also 
been extensive development of grazing. The 
Murray River and smaller artesian basins 
underlie the southern and eastern portions 
of this state, and the Great Artesian Basin 
extends from Queensland into the north¬ 
eastern part of the state. 

A specific example may be cited to illus¬ 
trate the value of artesian water and the part 
it plays in stock raising. 5 A sheep station in 
New South Wales contains 520,000 acres of 
land and grazes a maximum of 120,000 sheep. 
Large areas of the holding consist of exten¬ 
sive plains on which the natural vegetation is 
saltbush, cottonbush, native grasses, and 
other herbaceous plants. The rainfall of the 
area is 15 inches, and temperatures range 
from 118° P. on hot summer days to 30° or 
40° on some winter nights. Prom October 
to March the grasses become dry, and the 
plains are devoid of green feed during the 
hottest months of the year. The sheep have 
been bred to withstand without protection 
the arid heat of summer and the comparative 
cold of the winter months that follow. A 


system of tanks and artesian wells, together 
with water from occasional intermittent 
creeks, supplements the inadequate and un¬ 
reliable rainfall. Without the artesian sup¬ 
ply, watering facilities during the dry sum¬ 
mer months would be inadequate, and the 
carrying capacity of the range w T ould be 
limited to the rather small number of sheep 
which could survive on the water that could 
be held over in tanks and reservoirs and on 
the yield of the intermittent streams. 

Artesian Basins 

The large area of Australia in which arte¬ 
sian water is found has no known counter¬ 
part. The largest of the basins is the largest 
known artesian basin in the world. In al¬ 
most one-third of the Commonwealth arte¬ 
sian or subartesian water may be obtained 
at depths of 10 to 6,000 feet. The basins are 
old arms of the sea into which were deposited 
porous sands, which were in turn covered 
with fine clays and silts. Today thirteen dis¬ 
tinct basins, ranging in size from a few score 
square miles to more than 600,000 square 
miles, make possible the human occupance of 
vast areas of arid and semiarid land. 

Development. The first artesian well of 
Australia was put down near Bourke, New 
South Wales, in 1879. The Government 
sank a successful well in the same vicinity in 
1884. The first well in Queensland was 
drilled at Blackall in the south-central part 
of the state in 1885. Within two years of 
that date a number of wells had been drilled 
in the area. By 1909 there were over 
2,000 active wells in Australia (Table I). 
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TABLE I 

Artesian and Stjbartesian Wells in Australia 
In 1909 


Characteristics 

New South 
Wales 

Victoria 

Queens¬ 

land 

South 

Australia 

Western 

Australia 

Northern 

Territory 

Australia 

Number of wells. 

480 

25 

1,580 

33 

80 

0 

2,198b 

Total depth (ft.). 

763,879 

5,937 

1,644,400 

50,377 d 

88,266 

e 

2,552,859b 

Daily flow 

(1,000 gal.) . 

116,000b 

e 

520,300 

10,947 

26,505 

' e 

673,752b 

Depth at which 
artesian water 
was reached (ft.): 
Maximum . 

4,341 

466 

5,045 

4,850 

3,011® 

0 

5,045 

Minimum . 

46 

140 

60 

233 

420a 

0 

46 

Temperature of 
water (°F) : 
Maximum . 

140 

e 

202 

208 

140a 

e 

208 

Minimum . 

70 

e 

60 

78 

60a 

e 

60 


In 1939 


Number of wells. 

737 

620 

6,774 

162a 

281 

191 

8,765b 

Total depth (ft.). 

1,132,322 

30,000 

4,839,000 

115,598 

229,391 

63,375 

6,409,686b 

Daily flow 
(1,000 gal.) . 

67,349 

2,500 

250,000 

12,972 

75,351° 

7,723 

340,544b 

Depth at which 
artesian water 
was reached (ft.): 
Maximum . 

4,380 

3,560 

6,000 

4,851 

4,006 

1,760 

6,000 

Minimum . 

100 

20 

10 

233 

30 

42 

10 

Temperature of 
water (°F) : 
Maximum . 

140 

120 

212 

208 

0 

0 

212 

Minimum ... 

75 

60 

78 

82 

0 

e 

60 


a Government wells only. « 1933. "Data not available. 

to Incomplete record. * Flowing wells only. 

(From Year Book of the Commonwealth of Australia, 1911, 1940.) 


Most of these wells were in the three east¬ 
ern states. Queensland alone had 1,580, 
and the three together had 2,085 wells. In 
Western Australia and South Australia there 
were but a few more than 100 wells at this 
time. 

In 1939 there were 6,774 artesian and sub- 
artesian wells in Queensland, 737 in New 
South Wales, 620 in Victoria, more than 160 
in South Australia, 191 in Northern Terri¬ 
tory, and 281 in Western Australia, a total of 
nearly 9,000 or possibly more, since this fig¬ 
ure is incomplete (Table I). 

Great Artesian Basin. The largest of the 
basins is the Great Artesian Basin of Queens¬ 
land, Northern Territory, northern New 
South Wales, and northeastern South Aus¬ 
tralia (Fig. 7). It extends under about one- 


fifth of the continent. In an area reaching 
for 1,270 miles in a north-south direction and 
for 900 miles east and west, individual wells 
yield from 100,000 to more than 2,000,000 
gallons of water daily. The yield from flow¬ 
ing wells alone is 450 million gallons a day, 
and many wells do not overflow. In Queens¬ 
land about one-third of the wells are flowing, 
two-thirds must be pumped, and one-fourth 
have failed. In New South Wales about two- 
thirds of the number of wells are flowing and 
one-third are subartesian. 

The underground water of the Great Arte¬ 
sian Basin is derived principally from rain¬ 
fall on the underlying porous sandstones and 
massive limestone beds of the basin where 
they reach the surface on the western flanks 
of the Great Australian Highland, marking 
the eastern extent of the basin. The average 
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annual rainfall on these intake beds is 20 to 
30 inches. The aquifers also reach the sur¬ 
face on the western side of the basin in west¬ 
ern Queensland and in Northern Territory. 
The rainfall in these areas is less than 20 
inches, and probably a relatively small part 
of the underground supply is derived from 
this source. This surmise is strengthened by 
the fact that over most of the basin the water 
moves southwestward toward the region 
about Lake Eyre. Some reinforcement of 
waters is received from the Camooweal Basin, 
which joins the Great Artesian Basin on the 
northwest. In northern Queensland the 
water works its way northward over the 
Cloncurry Sill (Fig. 6), a rise in the under¬ 
lying complex of older rocks on which the 
deepest aquifer rests, and finds an outlet 
under the waters of the Gulf of Carpentaria. 
The intake beds are exposed on the surface 
over an area of 60,000 square miles, one-tenth 
as great as the area of the basin itself. 

Groups of mound springs in various parts 
of the basin mark areas in which the water¬ 
bearing strata reach or closely approach the 
surface, or where faults provide avenues of 
upward passage through which the water 
works its way to the surface. Lake Eyre is, 
in effect, the exposed surface of the water 
table. The excessive evaporation in that 
region prevents the lake from becoming 
larger. The springs build circular mounds 
of sand and silt, which may become cemented 
to form basins in which the water collects to 
form pools. The mounds may be 15 to 20 
or even 30 feet in height and 100 feet or more 
in diameter. Each mound spring usually 
contains a crater in which there is water if 
the walls of the mound are not too porous. 

The structure of the Great Artesian Basin 
and of practically all the others is that of 
inclined porous strata, mainly sandstones, 
overlain by impermeable clays and shales. 
Many of the basins are gently dipping, shal¬ 
low synclines. Although the pressure seems 
to be essentially hydraulic, obtained through 
resistance to flow, in part it may be due to 
gas pressure and to vertical rock pressure. 6 

The temperature at which the water 
reaches the surface varies from 60° to 212° 
F. The thermal gradient is so high that the 
water from some of the wells reaching the 
deepest part of the basin is boiling. In many 


of the wells it reaches 140° F. The gradient 
increases westward. In the east it is ap¬ 
proximately 1° F. for each 40 or 50 feet in 
depth, in the central part of the basin 1° for 
each 30 feet, and in the southwest in the 
vicinity of Lake Eyre 1° for each 20 feet. 
The average gradient is about 1° for each 37 
feet in depth below the zone of mean surface 
temperature. 6 

Most of the artesian water is good, but in 
some instances the high salinity decreases its 
value. Relatively few wells are entirely un¬ 
usable because of mineral content. Even if 
unsuitable for domestic purposes, the water 
may not be too saline for use as stock water, 
which is perhaps more critical because of the 
greater quantities required. The most com¬ 
mon mineral salt in the water is sodium car¬ 
bonate. Occurring in smaller quantities are 
sodium chloride, potassium carbonate, silica, 
and calcium carbonate, in decreasing order 
of abundance. Subartesian water is more 
apt to be brackish than is water derived from 
flowing wells, since the former is in contact 
for a longer period of time with the shallower 
strata and sometimes is stagnant. 

The salinity of the waters of the Great 
Artesian Basin increases southwestward with 
distance from the intake beds. In the east 
there is generally less than 10 grains of 
sodium carbonate per gallon of water, with 
smaller quantities of other salts. In the 
vicinity of Lake Eyre the content may rise to 
20 grains or even more. An analysis of the 
waters of a well at Bourke, New South Wales, 
in the southern edge of the basin, indicates 
a content of 33 grains of sodium carbonate 
and 12 grains of other solids. 7 The salts are 
presumably derived from saline marine beds 
with which the percolating water comes in 
contact. 

Lake Eyre, the natural outlet of the basin, 
is in reality a large area of salt marsh and 
crusted flats, all below sea level. Not all the 
salt is derived from evaporated groundwater, 
since the lake is a remnant of an arm of the 
sea that was cut off by the sediments de¬ 
posited in a Cretaceous sea which extended 
from the Gulf of Carpentaria almost to the 
Great Australian Bight. Except for the high 
rate of evaporation, a huge inland sea would 
probably exist today at the site of the lake. 

The marginal, high-level basins shown on 
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the map (Fig. 7) may be continuous with artesian basins is the Desert Basin of the 
some upper or suspended aquifers of the northern part of Western Australia. It has 
Great Artesian and Murray River Basins, an area of approximately 130,000 square 
To what extent they overlap with the main miles in which artesian and subartesian 
basins is not known, except that the records water is found. The deepest well from which 
of existing wells indicate the presence of artesian water is obtained is 4,000 feet, and 
aquifers above the major water-bearing the average depth of flowing wells is ap- 
strata of the larger basins. In all essential proximatelv 700 feet. Individual wells yield 
respects the marginal basins are similar to 7,000 to 1,000,000 gallons of water daily, 
the larger ones, differing only in size and in This basin is of the usual three-sided type, 
the depth at which water is tapped, opening seaward (Figs. 6, 7). The aquifers 

That percolated rainfall is the chief source rise to the surface \n the northeast and dip 
of the supply of water is indicated by the gently to the southwest and west. The waters 
even hydraulic grades, by the seasonal varia- find an outlet in the Indian Ocean between 
tions in some of the basins, by the relative King Sound at the mouth of the Fitzroy River 
freshness of water from some deeper strata and Ninety Mile Beach. The rainfall on the 
as compared with the mineralization of stag- porous sandstones that carry the water un- 
nant water in some of the suspended aquifers, derground is limited to 21 inches or less, and 
and by the large vol um e of atmospheric ni- not much water could be added to the basin 
trogen, with some argon, discharged by the on its eastern and southern margins, since 
we ll s y , the rainfall in these areas is only 10 inches. 

The bulk of the water supply is probably 
Desert Basin. The second largest of the derived from the intake areas along the val- 
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ley of the Fitzroy River on the northeast. 
The beds are breached in several places by 
small streams, much of whose water disap¬ 
pears underground. The savanna and sa¬ 
vanna grassland of the area make good cattle 
country. In the eastern, desert portions of 
the basin even cattle are few in number, and 
the area is entirely unsuited to sheep. 

Murray River Basin. The Murray River 
Basin of southwestern New South Wales, 
western and northern Victoria, and south¬ 
eastern South Australia is approximately 
90,000 square miles in extent. An artesian 
flow of 210,000 gallons daily is obtained in 
the western part of the basin. Much of the 
water is subartesian, however, and hydraulic 
pressure is not sufficient to force it all the 
way to the surface. The intake beds are on 
the southern and eastern edges of the basin, 
where the rainfall reaches 30 or 40 inches. 
The volcanic lakes of Mount Gambier in the 
extreme southeastern portion of South Aus¬ 
tralia represent the exposed hydraulic sur¬ 
face. Their level is directly dependent on 
the rainfall on the intake beds in Victoria, 
about 80 miles to the northeast. The water 
supplies of this basin are particularly valu¬ 
able in the mallee country of northeastern 
Victoria. 

Camooweal Basin. The Camooweal Basin 
is geologically an arm of the Great Artesian 
Basin in western Queensland and extends 
into the Northern Territory. The limestone 
aquifers dip southeastward into Queensland. 
On the northeastern edge of the basin they 
come to the surface and create the most 
powerful springs in Australia. These 
springs form the sources of the Gregory and 
O’Shanassay Rivers, which discharge north¬ 
ward into the Gulf of Carpentaria. The 
springs at the head of Gregory River are 
estimated to have a flow of 83 million gallons 
of water a day, and those of the O ’Shanassy 
23 million gallons. Much of the ground 
water of the Camooweal Basin continues 
southeastward to reach the aquifers of the 
Great Artesian Basin in western Queensland 
or comes to the surface to form the mound 
springs of west-central Queensland. 

Eucla Basin. The Eucla Basin, bordering 


on the Great Australian Bight in southwest¬ 
ern South Australia and adjacent parts of 
Western Australia, has an area of 52,000 
square miles. The water is mostly subarte¬ 
sian and is obtained at depths ranging from 
300 feet to more than 2,000 feet. The water 
rises in the subartesian wells to a height 
equal to sea level. Only one well has been 
XDroved artesian, but only 20 or so have been 
drilled, most of them along the transconti¬ 
nental railroad, which traverses the basin in 
an east-west direction. The artesian well 
yields 5,700 gallons of water a day but does 
not pierce the full thickness of the water¬ 
bearing strata. The region of the basin is 
known as the Nullarbor Plain and is an area 
of karst topography developed on a white 
cavernous limestone underlain by sandstones, 
shales, and conglomerates, which rest in turn 
on a crystalline floor. The basal beds dip 
gently southward to the Great Australian 
Bight into which the percolating water finds 
an outlet. 

Some of the water of the Eucla Basin is 
too saline for livestock, containing as much 
as three ounces of salt per gallon, but much 
of it is usable. The water from the wells on 
the western side of the basin is fresher than 
that from the eastern portion. The pastoral 
industry of the region is not well developed, 
chiefly because of this salinity of the water 
and the difficulty of obtaining permanent 
water storage on the permeable limestone. 
The vegetation is mainly saltbush, with a 
margin of scrub woodland along the coast. 

Northwest Basin. The Northwest Basin 
has an area of 40,000 square miles and pro¬ 
vides water at depths of 400 to 4,000 feet. 
Most of the water is under sufficient pressure 
to bring it to the surface, but it must be 
pumped from some of the wells. The per¬ 
meability of the sandstone beds, which make 
a bold outcrop in the Kennedy Range to the 
north, is well adapted to the absorption and 
transmission of large quantities of water, 
while their thickness gives them a large stor¬ 
age capacity. The saline nature of some of 
the higher-level beds makes the water from 
them somewhat less pure and useful than 
that from deeper wells. The greatest daily 
flow from a single well is 2,600,000 gallons. 
The strata of the basin have a regional dip 
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westward. They outcrop in the highlands 
to the east of the basin and absorb water 
from streams flowing across them as well as 
from the rainfall on the intake beds. The 
area is not well developed. Only 66 wells 
have been drilled. The presence of the arte¬ 
sian water may make further pastoral de¬ 
velopment possible. 

Coastal Plain Basin . The Coastal Plain 
Basin is one of the smaller of the artesian 
basins, being only 10,000 square miles in 
extent. Water is obtained at depths of 200 
to 2,500 feet. The estimated percolation of 
rain and river water is 22,000,000 gallons a 
day. The daily flow from artesian wells in 
the basin is about 16 million gallons, and 
about 2 million gallons are pumped from sub- 
artesian wells. Thus there is an approxi¬ 
mate balance between intake and withdrawal. 
Records of the pressure in wells about Perth 
indicate that they return to their original 
pressure four to six months after the heavy 
withdrawal during the summer has ceased. 
A known deeper aquifer, likely to contain 
large volumes of good water, has not yet been 
tested or developed. 

The mean annual rainfall on the outcrop¬ 
ping aquifers along the eastern side of the 
basin is 20 to 30 inches. Considerable 
ground water is derived also from the streams 
flowing across the exposed porous beds. 
Prom the data of gauging stations it appears 
that several hundred thousand gallons of 
water disappear underground daily in the 
valley of the Helena River and other streams 
that cross these strata. 

Other, Smaller Basins. Six additional, 
smaller artesian basins, ranging in area from 
300 to 4,000 square miles, are found in vari¬ 
ous parts of Australia. At the mouth of the 
Ord River in northeastern Western Australia 
is the Gulf Basin. The rainfall is approxi¬ 
mately 30 inches on the northwestward dip¬ 
ping limestone and sandstone strata. Sev¬ 
eral deep wells have been drilled, but no 
overflowing wells have yet been developed. 
The small Pirie-Torrens Basin, extending 
northward from Spencer Gulf into South 
Australia, has an area of 4,000 square miles. 
Its water is both artesian and subartesian 
and may be obtained at depths of less than 


600 feet. Some of the water is saline, but 
most of it is suitable for livestock. The 
Adelaide Plains Basin, extending from Ade¬ 
laide northwestward to the head of the Gulf 
of St. Vincent, is one of the smallest of the 
basins, containing only 600 square miles. Its 
water is for the most part of good quality. 
Most of it is subartesian and is tapped at 
depths of less than 500 feet. The Port Phil¬ 
lip and Gippsland Basins on the coast of 
Victoria yield subartesian water and are rela¬ 
tively shallow. In the former the deeper 
water is brackish, but much of the more shal¬ 
low is good. The best well of the Gippsland 
Basin yields 500,000 gallons daily. 

Beeline of Water Supply. The rate of 
withdrawal of water from the artesian basins 
of Australia is greater than the rate of re¬ 
plenishment from rainfall on the absorbing 
beds, and the level of the water is gradually 
declining. The average rate of decline is 
given as approximately 3 per cent annually, 
but it is greater in the eastern basins, which 
were developed earlier and more fully than 
were those of central and western Australia. 
A number of wells that were originally arte¬ 
sian are now subartesian, the dissipation of 
hydraulic pressure being sufficient to cause 
the wells to cease to flow. The volume of flow 
from practically all artesian wells has de¬ 
clined in recent years. The total daily flow 
in 1909 was more than 563 million gallons, 
but in 1939 it was approximately 340 million 
gallons (Table I). In the same period the 
number of wells increased fourfold. 

Two factors are responsible for the decline 
of water supply: (1) The rate of withdrawal 
of underground water in recent decades has 
been greater than the rate of absorption, a 
fact that can be seen in the decreased flow of 
individual wells and springs and in the lower 
level of subartesian waters. (2) There has 
also been a general decrease in the rate of 
absorption of water by the aquifers of the 
Great Artesian Basin in western Queensland, 
and probably elsewhere also, because of a 
general decline in the rainfall during the 
past twenty years and probably since Pleisto¬ 
cene time. 4 ' 8 This decrease in absorption of 
ground water is due not only to a decrease in 
rainfall but also to consequent decline of 
vegetation, greater runoff, and increased soil 
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erosion. These natural decreases have been 
amplified by human agencies. 

The decrease in flow of water from some 
artesian wells may be the result of corroded 
or ill-fitting casings, permitting escape of the 
water into the porous strata above the level 
of the water-bearing beds. Partial obstruc¬ 
tion of the bore by sand, silt, or some mineral 
product may decrease the flow. Only over¬ 
draft is cause for permanent decrease and is 
irremediable. 

A considerable part of the water with¬ 
drawn from the underground reservoirs is 
wasted. The water is often led from the well 
casing into open drains, which run for miles 
through the pastures. Evaporation into the 
dry-atmosphere and absorption by the thirsty 
soil lead to excessive loss through this prac¬ 
tice. Estimates have placed the actual 
amount used for stock water at as low as 3 
per cent of the total daily flow. 9 

Future. The developed artesian areas are 
less extensive than the known basins, and 
some further development may be possible. 
If such occurs, it will probably be in the cen¬ 
tral and western basins. In view of the de¬ 
cline of supply it is probable that the pos¬ 
sible extension is very limited and will 
require more stringent conservation of the 
supply in areas already depending on the 
water. Even if no additional wells are 
drilled, there is a serious need for the preven¬ 
tion of waste and in other ways reducing 
the drain on the underground reservoirs. 
The present rate of withdrawal is greater 
than the rate of replenishment in the intake 
areas, and the decrease in flow and the lower¬ 
ing of the water level in subartesian wells 
point to a shrinkage of the areal extent of 
the basins and added expense of pumping as 
well as a decrease in the available water sup¬ 
ply. This probably is not yet true of the 
basins that have not been fully developed and 
in which there has been no decline in the 
supply of water. 


The pioneering stage of development has 
usually been considered only a temporary 
one, to be succeeded by a stabilized agricul¬ 
ture and relatively intensive occupancy. 
The pioneer aspect is less often considered a 
necessarily permanent condition. It must 
be permanent, however, in a region that is 
suitable only for occupancy of a specialized 
type and that will support only a sparse 
population. A suitable income may be de¬ 
rived from a specialized product, but if the 
region is not capable of producing most of the 
requirements for human occupancy, and if 
industrial development is impractical as it 
apparently is in the interior of Australia, the 
pioneer stage of development can but con¬ 
tinue permanently. The inland cattle and 
sheep regions of Australia are of this type, 
as is also much of the land within and on 
the inner margin of the eastern highlands. 
The limited agricultural resources of three- 
fourths of the Commonwealth preclude any 
hope for development beyond pastoral stage. 
Permanency of even this type of occupancy 
is possible in most of the regions only by 
virtue of underground supplies of water, 
which are derived originally from more 
humid areas and which are tapped by arte¬ 
sian wells. Even this mode of occupancy is 
endangered by the lack of proper conserva¬ 
tion measures. 
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THE SCIENTISTS' POSTWAR PROBLEMS 

By HARRY GRUNDFEST 


To scientists, as to all other groups of our 
population, the war has presented many 
sharp challenges. The structure of Amer¬ 
ican science and the nature of its scientific 
research have been profoundly modified by 
the demands of the war effort. Although the 
war is far from over, scientists are now faced 
with the need to take stock of their present 
situation and to set the course of science 
toward the postwar world. 

The problems of scientists in the postwar 
world will, of course, be conditioned by the 
nature of that world. In the Teheran Decla¬ 
ration an over-all picture of the world that 
will follow the victory over fascism has been 
given us by the responsible leaders of the 
great powers among the United Nations. 
The general implementation of this Declara¬ 
tion is now beginning to take shape in our 
country. Fundamental is an economy of 
peace that will be at least as productive of 
its appropriate goods as our war economy has 
been. Within our country it will mean an 
economy of plenty based upon standards of 
living and productivity higher than any ever 
seen before. This will in turn involve a great 
expansion of our international markets, but, 
in keeping with the Teheran Declaration, the 
expansion will be an aid to, rather than in 
conflict with, the interests of the rest of the 
world. It will entail far-reaching changes 
in our relations with other nations, both with 
the industrially developed and powerful and 
with the weaker, less-developed, or colonial 
countries. 

The steps that will be required to carry 
out the many implications of the Teheran 
Declaration will also involve changes in the 
relationship between the people of our coun¬ 
try and our Government. Government, as 
the collective power of the people, will in¬ 
creasingly become an instrument to carry out 
the policies embodied in the Declaration. I 
believe that government and the people, as a 
result of the important contributions which 
science has made to the war, have learned 
at long last that the continued development 
and support of scientific research in the 
peace will be fundamental in establishing 


and maintaining a high standard of living 
and well-being for our country and for the 
world. And science, which in the past has 
been chiefly supported by private funds of the 
universities, foundations, and private indus¬ 
try, will more and more come to look to gov¬ 
ernment to provide the means for a greatly 
expanded program of work. Through this 
collaboration the achievements of science will 
become more immediately available to the 
needs of mankind. Because of its increased 
opportunities and responsibilities science.will 
be more responsive to the needs of the nation 
and better integrated into the general social 
and economic structure. It should therefore 
occasion no surprise to find that many of the 
problems I shall here outline will find their 
solution in governmental action. 

In the following I shall discuss the prob¬ 
lems of scientists common to those of other 
professional and white collar workers, as 
they were treated at the second National 
Wartime Conference (June 2 and 3, 1944). 
At this conference delegates from important 
scientific societies met with representatives 
of artists, social workers, librarians, teachers, 
white collar unions, and other organizations 
to discuss their common problems in four 
categories: full employment; readjustment 
and retraining of the professions; standards 
of living; and international collaboration in 
the postwar world. 

Full Employment 

In the first years of the war many scien¬ 
tists, including the present writer, criticized 
the tempo and direction of our national 
mobilization of scientific personnel. This is 
all now a matter of history. At the present 
time there is a shortage of scientists in prac¬ 
tically all fields. Vast research programs 
•have been developed in the governmental 
departments, in special centers under control 
of the Office of Scientific Research and De¬ 
velopment (OSRD), by the universities, and 
by industrial laboratories. 

Huge research centers have grown up in 
the civilian Government departments and in 
the armed forces, either as expansions of 
130 
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prewar organizations or de novo. Some of 
these are the National Institute of Health, 
the Naval Medical Research Institute, the 
various laboratories of the National Advisory 
Committee for Aeronautics (NACA) and of 
the Departments of Agriculture and the In¬ 
terior, and the specialized laboratories of the 
armed forces—such as those of the Signal 
Corps, Air Force, Armored Force, Chemical 
Warfare Service, and Quartermaster Corps. 
Large centers established under OSRD have 
generally been in connection with the uni¬ 
versities. As examples may be mentioned 
the Radiation Laboratories at the Massachu¬ 
setts Institute of Technology, the Radio Re¬ 
search Laboratory at Harvard University, 
and special projects at Columbia University, 
The University of Chicago and elsewhere. 
Individual departments of various schools 
have also received grants to investigate war 
problems. The great prewar laboratories of 
the industrial giants, such as Bell Telephone, 
General Electric, General Motors, and du 
Pont have expanded and are working full 
blast. Many new firms have come into such 
fields of war production as the electronics, 
communications, aviation, metals, and optics 
industries. They have set up research lab¬ 
oratories to control and improve their prod¬ 
ucts and to establish for themselves a basis 
for postwar business. Biological, chemical, 
and medical research has expanded among 
the firms making pharmaceutical products: 
penicillin, vitamins, and the like. A new 
demand for scientific workers has come also 
from the control laboratories of the many 
war factories set up throughout the country 
with Federal funds. 

Educational institutions and retired lists 
have been combed and all available graduates 
and students have been snapped up to pro¬ 
vide the manpower required in this vast pro¬ 
gram. Schools and colleges have at the same 
time been forced to curtail their teaching pro¬ 
grams, thus making some members of their 
staffs available for war jobs. Many scientists 
have resigned from relatively established and 
stable positions and have migrated to war¬ 
time jobs in new communities. Most of them 
have received salary increases on entering 
war work, but these increases, generally 
ranging from about 30 to 50 per cent, have 
been based on low, prewar levels and have 


usually not been sufficient to meet the extra 
costs of new establishments and the higher 
costs of living, to say nothing of saving for 
the future. 

This is the background against which we 
must view the problem of postwar employ¬ 
ment of scientists. At first their situation 
appears no different from that of other war 
workers. Scientists, however, represent the 
most highly trained group of workers in our 
society. On their long and rigorous training 
was spent a considerable amount of the na¬ 
tion’s wealth. In keeping with their high 
degree of training, scientists of necessity are 
highly specialized. A scientist or engineer 
working in a technical field only a little re¬ 
moved from his own specialty requires a 
period of retraining before he can function 
at maximum efficiency as a skilled technician 
and creative worker. If he works entirely 
outside the field of science, he represents 
nearly a total loss to society so far as its in¬ 
vestment in his training and in his potential 
contributions to the social welfare is con¬ 
cerned. Furthermore, prior to the war there 
was a scarcity of jobs in the scientific fields. 
Without the equipment and libraries that 
laboratories afford him, a scientist cannot 
practice his highly specialized profession. 
Because he can work best only in a narrow, 
but socially extremely valuable, field, he rep¬ 
resents a special problem as a war worker. 

The future of scientists in the immediate 
postwar period can be of two kinds. Either 
science is organized to become part of the 
expanding international economy developing 
out of the Teheran agreement, in which it 
can play a very important part, or it can be 
allowed to slip back into its prewar pattern. 
The future under the latter alternative may 
be rather grim. War research will have 
stopped; the great wartime research centers 
may be closed. Cutbacks in industry will be 
accompanied by curtailment of research. 
The universities will be in a period of tran¬ 
sition and certainly unable to absorb all the 
unemployed scientists. Consequent upon un¬ 
employment scientists would be cut off from 
their normal sources of contact with their 
fields and from such knowledge of current 
developments as is made available through 
scientific meetings and library facilities. 
They would face the rapid loss of expert 
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skills painstakingly acquired. They would 
be exposed to many psychological disturb¬ 
ances, which would long condition their sub¬ 
sequent efficiency in so complex a field of 
work as science. The net result would be 
a grave loss to society in the services of one 
of its most important groups. 

The problems associated with full employ¬ 
ment of scientists are not at all insoluble, 
provided the attempt to solve them is made 
against a general background of an economy 
of plenty. Just as the demands of war have 
caused an almost complete mobilization of 
scientists to deal with war problems, so would 
the many and more complex demands of such 
a peacetime economy bring about the full em¬ 
ployment of scientists. A nation that has 
seen the value of mobilizing its scientists for 
war will also want to make the greatest use 
of science during a peacetime of plenty. Sci¬ 
entists themselves, having experienced what 
can be accomplished under the stimulus of 
war, will not be satisfied with any lessened 
utilization and support of science. 

With the problem surveyed in this light, it 
is easy to see several solutions: 

1. Every effort should be made to maintain 
in operation all or most of the research cen¬ 
ters that have developed during the war and 
to put them to use for peacetime scientific 
activities. Many of these centers, such as the 
Naval Medical Eesearch Institute and the 
Eadio Eesearch Laboratories, should be able 
to convert to peacetime problems without 
any delay, given the money and the au¬ 
thorization. Other laboratories will require 
longer periods to change over. It is not too 
much to expect American scientific and ad¬ 
ministrative ability to carry the process 
through successfully in three to twelve 
months. Project directors and research 
workers should be invited to present pro¬ 
grams along which their organized project 
facilities may become useful in peacetime 
research. At the same time universities and 
other institutions should be encouraged to 
expand their research programs and their 
science departments. Such steps will require 
considerable Federal assistance in planning 
and financing. Immediate legislation is im¬ 
perative to empower and finance appropriate 
steps. A Federal Office of Scientific Devel¬ 
opment with sufficient funds and with powers 


to plan and allocate activities is urgently 
needed for the immediate postwar period. 

2. The proposed Office of Scientific Devel¬ 
opment should also be empowered to assist 
research programs in industrial laboratories 
and to help maintain research activities, par¬ 
ticularly among the smaller firms. The vari¬ 
ous phases of this problem should be tackled 
immediately by scientists and legislators. 
For example, this step may have to be sur¬ 
rounded with appropriate safeguards to 
guard against monopolistic misuse. 

3. We shall have to adopt some policy re¬ 
garding the postwar use of Federally owned 
war plants. If they are to be maintained as 
going concerns producing peacetime prod¬ 
ucts (an outcome generally to be desired), 
they will be able to keep employed the sci¬ 
entists now working in them. Probably 
their demand for scientists would increase, 
for a program of reconversion and a search 
for new products and markets would cer¬ 
tainly involve a program of research. 

4. Where laboratories, whether Federal, 
OSED, university, or industrial, will have to 
release scientists from wartime jobs, sever¬ 
ance pay ought to be established. This pay 
is now customary in certain professional 
fields (e.g., journalism) and under the con¬ 
tract agreements of many industries. It is a 
recognition by the employer of the hardships 
imposed on the discharged employee and an 
effort to aid him in tiding over until reem¬ 
ployment. In my opinion the severance pay 
of scientists should be graduated to take into 
account a variety of factors, such as his pros¬ 
pects of immediate re-employment, degree of 
wartime removal from his peacetime work, 
the extent of his wartime migration, and his 
family needs. The sum probably should 
amount to three to twelve months’ salary. 

5. Special efforts should be made to facili¬ 
tate the return of scientists to work that was 
discontinued at the change-over into war re¬ 
search. These activities will involve reas¬ 
sembly of staffs (the National Eoster should 
play an important and continuing part), aid 
in reconverting physical plant of labora¬ 
tories, and aid in stimulating return to peace 
problems. Much scientific equipment will 
become available when projects are discon¬ 
tinued. Through special arrangements with 
the administrators of Government surplus 
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property this equipment could be made avail¬ 
able to re-equip laboratories, thus preventing 
waste or depreciation of much of it in gov¬ 
ernment warehouses. Some surplus equip¬ 
ment could probably be sent to equip lab¬ 
oratories in China, India, and in the devas¬ 
tated countries of Europe. To stimulate the 
formulation of peacetime programs it would 
be useful to increase temporarily the fre¬ 
quency of local and national scientific meet¬ 
ings. At the earliest practicable time in¬ 
ternational scientific meetings should be 
planned. 

Rehabilitation and Retraining 

The great wartime shifts that have taken 
place among scientists carry in their wake 
important problems which will arise during 
reconversion to peace. 

1. Some scientists are in the Armed Forces 
as soldiers or as technicians in fields other 
than those of their specialized scientific train¬ 
ing. They have been out of contact with the 
progress of their professions, with literature, 
and with their colleagues. These contacts 
need to be restored. 

2. Many other scientists have shifted from 
their normal peacetime fields into more or 
less distant branches of science. Their con¬ 
tacts with their own fields have been weak¬ 
ened or broken and will need to be renewed. 
After the war some of these persons will wish 
to remain in their new fields, and they will 
require a considerable amount of additional 
training to round out that received in war¬ 
time. 

3. Where scientists have remained in their 
normal fields of activity in their war work, 
migrations often resulting in loss of contact 
with scientific libraries, wartime curtailment 
of scientific meetings, breakdown of interna¬ 
tional communications, secrecy or other re¬ 
strictions on publication, and the rigors of 
full-time concentration on war problems re¬ 
quiring immediate solutions have caused a 
fragmentation of the bonds that knit scien¬ 
tists closely together and make possible the 
interplay of ideas leading to scientific 
progress. 

4. Finally, there is a large group of 
younger people, many of whom have re¬ 
ceived somewhat hasty, concentrated, and 
specialized training, while others have had 


only partial training in certain specialized 
branches of science. This group of younger 
scientists has become a very important one, 
especially in some of the newer industries. 
They will w 7 ant and deserve a more rounded 
scientific education, particularly to develop 
contacts with other laboratories in order to 
learn a variety of techniques and viewpoints. 
This group includes many military physi¬ 
cians, who are practicing at present a spe¬ 
cialized form of medicine and to whom med¬ 
ical research facilities have been denied. 

To solve the foregoing problems a compre-' 
hensive program is needed. Again it is the 
Federal Government that will have to be 
called upon to act in collaboration with the 
professional societies and with the universi¬ 
ties and other research centers. A retrain¬ 
ing program would be a boon to scientists, to 
the teaching centers that offer the training, 
and to the nation, which would get a body 
of scientists whose recent practical experi¬ 
ence in applied wartime science would be 
reinforced by fresh training in their pro¬ 
fessional fields. Funds and organizational 
initiative are the main requisites for the 
establishment of fellowships and traveling 
scholarships, to provide special courses and 
meetings, and to publish currently the re¬ 
sults of research. 

Another phase of postwar training should^ 
be the reorganization of our educational 
setup from top to bottom, including the re¬ 
education of teachers in line with the edu¬ 
cational plan they would be required to 
administer. During the emergency situation 
of the war our educational system has been 
found deficient in certain directions. All 
along the line, from the elementary schools 
to the highest institutions, we have found 
mathematics, sciences, and languages neg¬ 
lected, or inadequately taught. As a result 
some inductees could not cope with the prob¬ 
lems of a mechanized, technologically ad¬ 
vanced army. To satisfy their needs the 
Armed Forces have become a great center 
of scientific education at all levels, even 
undertaking organization of pre-induction 
training. 

The failure of our educational system to’ 
provide a modern form of education has been 
due principally to skimping of funds that 
would provide facilities and hire teachers. 
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Largely it is a failure to formulate an. ade¬ 
quate educational policy for the entire na¬ 
tion. To prepare for a peace that is to bring 
with it an expanded industrial activity based 
upon the applications of technological ad¬ 
vances to the welfare of the entire world, 
the lessons of wartime should be grasped 
thoroughly. 

Our educational system will therefore have 
to be expanded and revamped to teach more 
mathematics, languages, and sciences, and to 
teach them more intensively than heretofore. 
These changes should not be made at the ex¬ 
pense of sound cultural and civic training. 
Therefore, the educational schedule will have 
to undergo really far-reaching revisions that 
will permit the student to learn more easily 
a larger number of subjects. This is both a 
challenge and an opportunity to teachers in 
general and to teachers of science in par¬ 
ticular. Again it appears that Federal funds 
will have to be devoted to this task, and, since 
the job of developing and implementing a 
new program will take time, it should be 
started immediately. The co-operation of 
scientists, educators, and the Government is 
required for this task. Reference is made to 
the excellent work of the Cooperative Com¬ 
mittee on Science Teaching, detailed in its re¬ 
ports and in articles published by its members. 

In some specialized fields of education the 
war has disclosed very serious bottlenecks. 
I refer particularly to the dental, medical, 
and technological fields in which many sci¬ 
entists make their livelihood as teachers. For 
the past decade medical schools have turned 
out about 5,000 physicians annually. New 
dentists probably number less than 2,000 a 
year,- the technological graduates about 10,- 
000 annually. In the course of the war we 
have witnessed acute shortages of all these 
highly trained practitioners of the sciences, 
who cannot be turned out in less than three 
to five years’ specialized training. 

Prewar limitations on the number of stu¬ 
dents were largely due to the unplanned na¬ 
ture of our economy. To some extent limita¬ 
tions were imposed consciously in the interest 
of monopolistic control of the professional 
fields. Whatever their causes, these limita¬ 
tions have been effected in several ways. 
The number of schools has been limited and 


essentially static for a long time. Some 
medical schools, for instance, receive applica¬ 
tions from ten or more times as many stu¬ 
dents as they can accommodate. This has 
given scope to rigorous selection and exclu¬ 
sion of students, often on a basis of scholastic 
merit but often also on the basis of many ex¬ 
traneous factors. Negroes are admitted to 
only a few medical schools, and then in limited 
numbers. They have difficulty in breaking 
into other professions as well. The number 
of women admitted into professional schools 
is small and in some they are entirely ex¬ 
cluded. Jews have been excluded from, or 
limited in their admission to, all types of 
professional schools. Discriminatory control 
has been exercised also at stages beyond the 
schools. Engineering firms have made it a 
practice not to hire, or to restrict the num¬ 
ber of, Jews, Negroes, or women, as the case 
might be. Hospitals have discriminated 
against “unwanted” categories in making 
appointments to internships, residencies, or 
staff appointments. Similar practices are 
common in graduate schools and are gener¬ 
ally accompanied by discrimination when 
appointments to university or laboratory 
positions are made. 

For the postwar world we can envisage 
the need for a great number of American, 
British, and Soviet technologists, public 
health experts, and scientists who would be 
called upon to carry modern scientific 
achievements not only to the people of their 
own lands, but also to the peoples of vast 
unindustrialized areas, such as are found in 
China, India, and the African and South 
American continents. We can judge the pos¬ 
sibilities of an expanding economy by recall¬ 
ing that the Soviet Union trains about 25,000 
physicians annually (more than half of them 
women), against our fixed number of about 
5,000, and trains technologists in other fields 
in proportion. If for no other reason than 
to satisfy the needs of a postwar economy 
such as has been envisaged, the barriers 
against women, Negroes, and Jews will have 
to be torn down. This will help to supply 
the student body but not the physical facili¬ 
ties. Schools will therefore have to be ex¬ 
panded and new ones built. A national pro¬ 
gram of stipends for students who meet speci¬ 
fied scholastic standards will also be needed 
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to enable the talented children of poor par¬ 
ents to use their abilities in the national 
welfare. 

A program of expanded professional and 
scientific training will of necessity bring 
about a greater demand for teachers, with a 
concomitant increase in the faculties and stu¬ 
dent bodies of the university science depart¬ 
ments. To make the profession of science 
teaching more attractive a better standard of 
salaries and more research opportunities will 
have to be granted to science teachers. 

Standards of Living 

Although the scientist traditionally has 
been paid far below the value of his training 
and his contributions to society, his stand¬ 
ards for living are high. He spends a large 
share of his income for education, insurance, 
and health protection. His social milieu 
makes considerable demands on him for hous¬ 
ing, dress, entertainment, and the like. He 
is expected to maintain cultural contacts, 
with attendant expenditures for books, maga¬ 
zines, the theater, and concerts. There are 
certain professional expenses: membership 
dues in societies, expensive technical books 
and periodicals, and costs of attending scien¬ 
tific meetings. Sometimes he even has to pay 
part of the cost of publishing the results of 
his researches. 

His demands are relatively modest, but the 
unsatisfactory level of his prewar salary will 
have to be readjusted. Primarily, however, 
he will want full employment of his skills 
and the knowledge that his scientific contri¬ 
butions are utilized as fully as possible to 
enable the nation and the entire world to 
achieve standards of living and happiness 
unbelievably higher than those now prevail¬ 
ing. Insistence by scientists and the public 
on immediate and full-scale application of 
scientific advances will be an important fac¬ 
tor in the postwar world. In our country 
alone there would be a tremendous rise in 
our relatively high standard of living by the 
adoption of a comprehensive program of 
public health and preventive medicine; by 
the immediate postwar application of new 
technologies in metals, plastics, and synthetic 
fibers; by the utilization of engineering ad¬ 
vances in design and construction of power 
units such as the airplane, automobile, and 


stationary motors; by making available cheap 
supplies of chemicals, fertilizers, metals, and 
biologicals, and by the development of new 
and old cultural resources—among them fre¬ 
quency modulation, television, and color 
printing processes. 

The scientist will expect to share fully in 
this increase of the general standard of liv¬ 
ing. He will want better postwar educa¬ 
tional facilities for his children and the as¬ 
surance that he and his family will have job 
security and security against old age and 
disease, in common with the rest of the 
nation. 

There are signs that scientists are pre¬ 
pared to organize themselves to secure these 
benefits. The Federation of Architects, En¬ 
gineers, Chemists, and Technicians; the 
State, County, and Municipal Workers; the 
United Federal Workers, and the United 
Office and Professional Workers number 
scientists among their members, as does the 
American Federation of Teachers, and other 
industrial unions. Several independent 
unions are also in existence, and the larger 
technical societies are beginning to consider 
the economic problems of their members. 
That scientists can benefit from trade union 
membership has been clearly shown in Great 
Britain and in other parts of the British 
Commonwealth. The Association of Scien¬ 
tific Workers in Great Britain rose from a 
mere 2,000 members to almost 25,000 two 
years after it had become a trade union. 
Becent polls in Canada held by various pro¬ 
fessional societies have shown that the large 
majority of Canadian scientists desire to 
have collective bargaining agreements with 
their employers. 

International Collaboration 

The results to be expected from interna¬ 
tional collaboration in the scientific, cultural, 
industrial, and political spheres have already 
seen stated. The immediate problems of 
international scientific co-operation are quite 
specific, being determined by the war we are 
fighting and the peace we aim to achieve. 

1. It is necessary to have the closest pos¬ 
sible collaboration among the Allies in the 
field of scientific activities as well as in the 
military, economic, and political spheres. 
To a certain extent this collaboration has 
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been achieved with some countries, particu¬ 
larly with Great Britain and the Dominions, 
where our Government maintains special 
scientific missions. Contacts with the Soviet 
Union and with China are more sporadic and 
occur chiefly through unofficial channels. 
The British, on the other hand, maintain 
much closer contacts with the scientists of 
China (for example, the noted biologist 
Joseph Needham is a scientific adviser in 
Chungking) and with those of the Soviet 
Union. Britain is also the haven of many 
refugee scientists from the occupied coun¬ 
tries. These refugees have even established 
complete university facilities in Britain. 

All the United Nations no doubt would 
benefit from the interchange of scientific mis¬ 
sions. Our Government is in a position to 
take the lead in establishing such missions 
formally. Some useful results would be 
achieved also by contacts between the pro¬ 
fessional societies of the various nations. A 
beginning has already been made in estab¬ 
lishing such contacts between the United 
States and the Soviet Union through the 
Science Committee of the National Council 
of American-Soviet Friendship and the 
American-Soviet Medical Society, both of 
which should receive even more support from 
scientists and the general public. 

Several examples of the usefulness of such 
collaboration may be cited here. Joffe, the 
well-known physicist, has reported in an 
article received by the American Association 
of Scientific Workers that the Soviet Union 
now possesses photocells twenty times more 
sensitive than the similar types used in our 
country, and metallic rectifiers with one hun¬ 
dred times the current capacity of the 
selenium and copper oxide types. Else¬ 
where he has stated that Soviet physicists had 
developed airplane detection and ranging 
devices before even the British. 

2. We are fighting in company with many 
small countries, as well as with colonial or 
industrially undeveloped nations. Our sci¬ 
ence and knowledge will have to come to their 
aid in solving their special problems. This 
is now taking place as a wartime measure in 
Latin' America, India, and China. Much 
more can be done to bring the latest techno¬ 
logical and scientific advances to these peo¬ 
ples. Regular channels should be established 


for exchange of students, teachers, and lit¬ 
erature. Anything we can do in this direc¬ 
tion will reciprocally benefit our own coun¬ 
try as well, sometimes even to an extent 
larger than our contribution abroad. 

3. A vast problem is happily coming ever 
nearer—the problem of reconstructing the 
cultural institutions devastated in the terri¬ 
tories occupied by the fascists. The task of 
rebuilding and restocking laboratories, li¬ 
braries, and other institutions will have to be 
undertaken largely by the United States. 
We must not stint our establishment of the 
concrete and living symbols of international 
friendship and collaboration. To approach 
this task it is necessary to set upa“ cultural 
UNRRA” with adequate funds and compre¬ 
hensive plans. Scientists and educators of 
the United Nations are already making some 
plans for this, but it would be well to bring 
in the general public and the body of scien¬ 
tists to help in planning and to demand early 
execution of these plans. 

4. In the postwar period science will play 
a larger role than ever in shaping the world, 
and more consciously. Scientists will there¬ 
fore require a larger share than they now 
have in formulating and determining inter¬ 
national (and national) policies. Further, 
since these policies will have a great deal to 
do with the industrialization and growth of 
the undeveloped parts of the world, there 
will have to be a high degree of collaboration 
among scientists of all countries. Thus the 
need is indicated for formal governmental 
actions to set up a permanent world scientific 
body on the order of the old League's Inter¬ 
national Labor Office, but tied to the inter¬ 
national body proposed at Dumbarton Oaks. 

5. Science can be a powerful force both in 
the present struggle against fascism and in 
the postwar development of a world organi¬ 
zation. At present, for example, scientists 
can support their governments in the fight 
against fascism on the intellectual and cul¬ 
tural fronts. This is a particularly impor¬ 
tant activity because scientists can speak 
with authority on many phases of fascist 
dogma and because they are respected by 
their lay countrymen. University people 
have been in the forefront of the fight for 
democracy and national unity in China. The 
traditions of the European universities as 
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centers of liberalism and progress were sus¬ 
tained in Loyalist Spain, and many of 
Spain's scientists are now refugees. These 
traditions have been carried over into the 
Latin American countries. 

A particularly stirring example of this 
liberalism occurred on October 13, 1943, 
when one hundred and fifty of Argentina's 
most eminent citizens in all walks of life is¬ 
sued a “Declaration of Effective Democracy 
and American Solidarity" calling for a re¬ 
turn of Argentina to its constitutional gov¬ 
ernment and the exercise of effective democ¬ 
racy: 44 Argentina cannot and should not," 
the statement said, 4 4 apply only a part of her 
constitution and live isolated or estranged 
from her brother peoples of America and 
from those of the world fighting for democ¬ 
racy." Among the signers of this Declara¬ 
tion were some of Argentina's leading pro¬ 
fessionals and scientists, including South 
America's most eminent scientist Bernardo 
A. Houssay, professor of physiology at 
Buenos Aires and the only Latin American 
Nobel prize winner in science. 

When the government of Argentina took 
punitive measures by dismissing all signers 
of this Declaration who were connected with 
any public office (including all the university 
professors) the American Association of 
Scientific Workers protested through a mes¬ 
sage sent to Secretary of State Cordell Hull 
on February 21, 1944. 

A copy of this statement was sent to the 
Argentine Embassy. Sr. Ernesto C. Uriburu 
replied that 4 4 it is unfortunate that events of 
an entirely domestic character are used as 
instruments of discord among friendly na¬ 
tions." This type of reply is reminiscent of 
Nazi arguments that their persecution of 
German nationals was a 44 domestic matter." 
The American Association of Scientific 
Workers has since that time received further 
reports of continued persecution and coercion 
of scientists, educators, and students by the 
Argentine Government. On January 11, 
1945, we accordingly sent another letter to 
the Secretary of State asking that immediate 
steps be considered at the forthcoming con¬ 
ference of American republics in Mexico 
City, which might lead to strong and con¬ 
certed action by the United Nations against 
these manifestations of Argentine fascism. 


Another recent action of the American 
Association of Scientific Workers, under¬ 
taken as part of the fight against fascism, 
has had considerable repercussions. I refer 
to the pamphlet The Races of Mankind by 
Ruth Benedict and Gene Weltfish. In the 
summer of 1942 the National Office of the 
Association began to receive disquieting re¬ 
ports of the inroads that fascist racist propa¬ 
ganda was making into our national morale 
and fighting unity. Success of such propa¬ 
ganda on the home front would have en¬ 
dangered our war production. With our 
troops then beginning to go overseas into 
many strange lands, it was felt that relations 
between our men and the native populations 
might become endangered. Accordingly, I 
suggested to the New York branch of the 
Association that it prepare a pamphlet on 
the races of mankind, that branch being 
chosen because it numbered several promi¬ 
nent anthropologists among its members. 
The pamphlet which resulted is the product 
of a committee of experts in several allied 
fields and has become one of the most popular 
publications of the war. 

Originally intended for and approved by 
the USO, its publication and distribution by 
that agency was stopped by Chester I. Bar¬ 
nard, president of USO, despite his admis¬ 
sion to me that the pamphlet 4 4 is acceptable 
and perhaps regarded as desirable in the 
view of at least most of our Member Agen¬ 
cies." The Races of Mankind was then pub¬ 
lished by the Public Affairs Committee and 
was distributed to service men and women 
by the YMCA, one of the Member Agencies 
of USO, until Mr. Barnard forbade this also. 
It is worthy of note that Mr. Barnard's 
actions regarding The Races of Mankind 
were followed by a similar ban on the distri¬ 
bution of The Good Soldier Schweik, Hasek's 
democratic classic of the last war. This ban 
seems to have been imposed because Hasek 
makes jibes at Austrian military chaplains, 
which apparently offended some Catholics. 
Unless USO reverses its present trend, there 
is danger that it may become a social work¬ 
ers' 44 Hays Office," accumulating an index 
expurgatorius that will include anything dis¬ 
tasteful to the most sensitive fundamentalists 
of all faiths and social doctrines. 

More recently 55,000 copies of The Races 
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of Mankind were purchased by the Army 
Morale Division for use by officer-instructors 
as “background material to help counteract 
the Nazi theory of a super-race. 33 (This quo¬ 
tation is from a Congressional report.) 
Chairman May, of the House Military Affairs 
Committee, then threatened to “expose the 
motives behind this book/ 3 and the Army 
stopped its distribution. A subcommittee of 
the House Military Affairs Committee, which 
was headed by Representative Durham of 
North Carolina (representing the Chapel 
Hill district) later issued a “report 33 which 
was chiefly concerned with red-baiting the 
members of the Public Affairs Committee that 
had published the booklet. Ordway Tead, 
Harry Gideonse, Lyman Bryson, George 
Soule, Maxwell Stewart, Beulah Amidon, 
Raymand Leslie Buell, and Luther Gulick 
are among the individuals thus attacked^ A 
sample of the report, which gives its general 
tenor is the following: “Toward the end of 
the booklet the authors drop anthropology 
for politics, sociology, labor unionization, 
and similar subjects employed by propa¬ 
gandists of communism. It winds up with 
a challenge, in which respect it follows a basic 
technique characteristic of communistic lit¬ 
erature. . . , 33 

Despite these attacks The Races of Man¬ 
kind has already become a classic in the fight 
for interracial amity in our country, with 
more than 500,000 copies in circulation. In 
deciding to undertake wide distribution of 
The Races of Mankind among service men 
and women the National CIO War Relief 
Committee declared: “We feel this pamphlet 
is one of the best weapons in the hands of our 
soldiers. It certainly is one of the best 
answers to Hitler’s Aryan creed. It pro¬ 
motes tolerance by showing the brotherhood 
of mankind, the likeness and fundamental 
unity of the races. It states that the cure 
for race prejudice lies in freedom from fear. 
It emphasizes one of the fundamental prin¬ 
ciples for which our men and women in the 
armed forces are fighting. 33 

Through activities of the American Asso¬ 
ciation of Scientific Workers and of other 
sections and societies affiliated with the 
American Association for the Advancement 
of Science which emphasize the social rela¬ 
tionships of science and which bring scien¬ 


tists into closer contact with the problems 
that face society, scientists will come to play 
an increasing part in building the world en¬ 
visaged by the Teheran agreement. 

I have outlined some of the problems that 
face scientists immediately and in the post¬ 
war period. I have tried to indicate solutions 
for some specific situations. Basically these 
solutions call for considerable national and 
international governmental action in the way 
of organizing, co-ordinating, and financing. 
Various proposals of this sort have in the 
past been attacked as * 4 regimentation. 3 3 The 
trend of modern life, however, calls more and 
more on central, organized action to provide 
an ever-widening array of services that so¬ 
ciety is finding essential to its well-being. 
It is clear that the development of science 
and of knowledge is one of these essentials. 

The more scientists and their societies 
realize that they must co-operate with gov¬ 
ernment—and with each other—in making 
these plans, the greater will be the oppor¬ 
tunity for their individual ideas to enter into 
the final working arrangements. Thus far 
there has been a serious rift among scien¬ 
tists. While some have advocated the course 
outlined above, others have followed a rather 
inconsistent policy. They have accepted 
funds poured out by the Government and 
have asked for more, while denying the Gov¬ 
ernment’s right or ability to exercise some 
measure of control in the public interest. 
The latter group has therefore been merely 
critical rather than constructive concerning 
attempts to develop large scale financing and 
planning in the scientific sphere. For in¬ 
stance, the Kilgore Bill to set up an Office 
of Scientific and Technical Mobilization has 
been violently attacked, and usually unfairly, 
by the major scientific societies. Yet the 
need for postwar planning and finance of 
science and technology is so patent that va¬ 
rious modifications of the original bill are 
receiving support from many individual sci¬ 
entists and other progressive forces in onr 
country. In Congress, too, these postwar 
plans have been gaining support. The sci¬ 
entific societies will therefore be forced to 
abandon their special form of “isolationism 39 
and to take part in formulating plans based 
on the recognition of certain great responsi¬ 
bilities that science hears to society. Failing 
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this, society will itself take the necessary 
steps and impose them on the structure of 
science in our country. 

A highly important step was taken by 
President Roosevelt in his letter to Dr. Van- 
nevar Bush, director of OSRD, which was 
released on November 21, 1944, and pub¬ 
lished in Science on December 15, 1944. In 
his letter, the President asked Dr. Bush and 
his associates to provide answers on four im¬ 
portant questions relating to the future of 
American science: 

1. How can the results of war research be 
best made known so that they may be used 
to “stimulate new enterprise, provide jobs 
. . and make possible great strides for the 
improvement of the national well-being ?” 

2. “What can be done now to organize a 
program for continuing in the future the 
work which has been done in medicine and 
related sciences f” 

3. “What can the Government do now and 
in the future to aid research activities by 
public and private organizations t The 
proper roles of public and of private re¬ 
search, and their interrelation, should be 
carefully considered.” 

4. 4 4 Can an effective program be proposed 
for discovering and developing scientific 
talent in American youth so that the con¬ 
tinuing future of scientific research in this 
country may be assured on a level compar¬ 
able to what has been done during the war?” 

The President prefaced his questions with 
well-deserved praise for the work of OSRD, 
much of which is still hidden in the interests 
of military security. He stated: “There is, 
however, no reason why the lessons to be 
found in this experiment can not be profit¬ 
ably employed in times of peace. The in¬ 
formation, the techniques, and the research 
experience developed by the Office of Scien¬ 
tific Research and Development and by the 
thousands of scientists in the universities 
and in private industry, should be used in 
the days of peace ahead for the improvement 
of the national health, the creation of new 
enterprises bringing new jobs, and the bet¬ 
terment of the national standard of living.” 

The President’s action is far-sighted and 
its terms are sufficiently broad to make 
feasible a comprehensive plan for postwar 
science in our country. Professors Mather, 


Phillips, and I have formulated certain pro¬ 
posals on the President’s directive to Dr. 
Bush, which are to be published elsewhere 
and which are intended to initiate public 
discussion both by the scientific public and 
by leaders in the legislative and industrial 
fields in our country. (See The Future of 
American Science by Kirtley F. Mather, 
Harry Grundfest, and Melber Phillips, pub¬ 
lished in New York by the U.O.P.W.A.) 
We have done so in full appreciation of the 
magnitude of the task and opportunity that 
Dr. Bush and his colleagues face in formu¬ 
lating a wise and public spirited program for 
science, and we have urged our fellow scien¬ 
tists to put their experience and views at the 
service of Dr. Bush and his associates. 

Highly important, too, is the President’s 
request for early action on the various points 
raised in his letter. He stated: “I hope that, 
after such consultation as you may deem ad¬ 
visable with your associates and others, you 
can let me have your considered judgment 
on these matters as soon as convenient—re¬ 
porting on each when you are ready, rather 
than waiting for completion of your studies 
in all.” This request makes it possible for 
the several parts of the program to be put 
into effect as quickly as possible, rather than 
wait until every item is fitted in and every 
difficulty or controversy is straightened out. 

In other countries, too, scientists and gov¬ 
ernments have begun to lay postwar plans. 
The Association of Scientific Workers in 
Great Britain held an epoch-making Confer¬ 
ence on the Planning of Science a year ago, 
with Government Ministers and other lead¬ 
ers as important participants. More recently 
it has issued a comprehensive “Post-War 
Policy for Science.” In May 1944 the Aus¬ 
tralian Association of Scientific Workers also 
held a conference on scientific plans for that 
country. Various branches of the American 
Association of Scientific Workers have been 
working on its own program, which should 
be issued shortly. 

Growing readiness of American scientists 
to participate with other professional col¬ 
leagues in formulating postwar plans has re¬ 
cently been indicated by the increased par¬ 
ticipation of scientific societies in the second 
National Wartime Conference, as compared 
with their participation in the first. Among 
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the participants were the American Acad¬ 
emy of Pediatries, the American Association 
for the Advancement of Science, the Amer¬ 
ican Association of Scientific Workers (one 
of the initiators of this Conference)'-, the 
American Dental Association, the American 
Medical Association, the American Psycho¬ 
logical Association, and the American Socio¬ 
logical Society. The success of this confer¬ 
ence also revealed a new factor—the growing 
recognition of the fundamental unity of the 
professional, cultural, and white collar work¬ 
ers of this country. 

This growing realization of the need for 
unity with similar groups in other fields of 
endeavor, and the need for action to formu¬ 
late and to press for a long term program 
was aptly indicated in a statement that was 
made to the conference by a great scientist 
and a great citizen of the world, Albert 
Einstein: 

I consider it important, indeed urgently necessary, 
for intellectual workers to get together, both to pro¬ 
tect their own economic status and also, generally 
speaking, to secure their influence in the political 
field. 

On the first-mentioned, the economic side, the work¬ 
ing class may serve us as a model: they have suc¬ 
ceeded, at least to some extent, in protecting their 
economic interests. Wo can learn from them too 
how this problem can be solved by the method of 
organization. And also, wc can learn from them 
what is our gravest danger, which we ourselves must 
seek to avoid: the weakening through inner dissen¬ 
sions, which, when things reach that point, make 
cooperation difficult and result in quarrels between 
the constituent groups. 

But again, we can also learn from the workers 
that limitation to immediate economic aims, to the 
exclusion of all political goals aiid effective action 
will not suffice either. In this respect, the working 
classes in this country have only begun their develop¬ 
ment. It is inevitable, considering the progressive 
centralization of our production, that the economic 
and the political struggle should become more and 
more closely interwoven, the political factor growing 
in significance in the process. In the meantime the 
intellectual worker, due to his lack of organization, 
is less well protected against arbitrariness and ex¬ 
ploitation than a member of any other calling. 

But intellectual workers should unite, not only in 
their own interest but also, and no less importantly, 
in the interest of society as a whole. For division 


among intellectuals has been partly to blame for the 
fact that the special parts and the experience which 
are the birthright of these groups have so seldom 
been made available for political aims. In their 
room, political ambition and desire for profit almost 
exclusively determine events, instead of professional 
knowledge and judgment based on objective thinking. 

An organization of intellectual workers can have 
the greatest significance for society as a whole by 
influencing public opinion through publicity and edu¬ 
cation. Indeed, it is its proper task to defend aca¬ 
demic freedom, without which a healthy development 
of democracy is impossible. 

An outstandingly important task for an organiza¬ 
tion of intellectual workers at the present moment is 
to fight for the stablishment of a supra-national po¬ 
litical force as a protection against fresh wars of 
aggression. It seems to me that the selection of a 
particular plan for an international government 
should not, at the present moment, bo our chief aim. 
For if there existed, among the majority of our 
citizens, the firm intention of establishing interna¬ 
tional security, the technique of giving shape to such 
an instrument would not present an all-too-difficult 
problem. What is lacking in the majority is the 
conviction, founded on clear thinking, that there is 
no other means of permanently avoiding catastrophes 
like the present one. In the organization and pro¬ 
motion of cnlightment on this subject, I sec the most 
important service which an organization of intellec¬ 
tual workers can perform at this historic moment. 
Only by means of setting energetically about such a 
task can an organization like the one hero planned 
achieve inward strength and outward influence. 

In the light of this eloquent statement, it 
is not surprising that the second National 
Wartime Conference closed only after a spon¬ 
taneous demand among the delegates had re¬ 
sulted in plans for a permanent federation 
of the professional organizations to act as a 
clearing house for common problems and ex¬ 
periences and as a medium for making these 
problems and demands known to the general 
public and to the legislative and executive 
branches of the Government. The National 
Council of Professional Organizations and 
the more recently formed Independent Citi¬ 
zens’ Committee of the Arts, Sciences and 
Professions are manifestations of the readi¬ 
ness of scientists and other professional and 
intellectual workers to participate more fully 
in formulating and determining the national 
policies of a democracy. 



THE AUTONOMY OF SCIENCE* 

By M. POLANYI 


To-day the position of science which was 
"unquestionably accepted in the Western 
countries for the last 300 years or so, has 
been challenged by an authoritarian doctrine. 

It is difficult to trace a complete authori¬ 
tative statement of the argument used in sup¬ 
port of the state control of science. But I 
believe that in its most precise form this 
argument would run about as follows. “No 
scientific statement is absolutely valid, for 
there are always some underlying assump¬ 
tions present the acceptance of which repre¬ 
sents an arbitrary act of faith. Arbitrariness 
prevails once more when scientists choose to 
pursue research in any one direction rather 
than another. Since the contents of science, 
and the progress of science both vitally con¬ 
cern the community as a whole, it is wrong 
to allow decisions affecting them to be taken 
by private individuals. Decisions, such as 
these, should be reserved to the public 
authorities who are responsible for the public 
good. It follows that both the teaching of 
science and the conduct of research must be 
controlled by the State.” 

I believe this reasoning to be fallacious and 
its conclusions to be wrong. Yet I shall not 
try to meet the argument point by point, but 
will instead oppose it as a whole by analyzing 
the actual state of affairs which it profoundly 
misrepresents. I shall survey the individuals 
and groups who normally make the decisions 
which contribute to the growth and dissemi¬ 
nation of science. I shall show that the indi¬ 
vidual scientist, the body of scientists and the 
general public, each play their part and that 
this distribution of function is inherent in 
the process of scientific development, so that 
none of these functions can be delegated to a 
superior authority. I shall argue that any 
attempt to do this could only result in the 
distortion—and if persisted in—in the com¬ 
plete destruction of science. I shall demon¬ 
strate instances where such attempts have 

* Keprinted by permission of the author from vol¬ 
ume 85 of Memoirs $ Proceedings of the Manchester 
[England] Literary and Philosophical Society, Ses¬ 
sion 1941-43, pp. 19-38. 1943. 


actually been made and the destruction did 
actually come to pass. 

The primary decisions in the shaping of 
scientific progress are made by individual 
investigators when they embark on a par¬ 
ticular line of inquiry. To-day in science the 
independent investigator is usually a profes¬ 
sional scientist, appointed by public authori¬ 
ties in view of his scientific record, to a post 
where he is expected to do research. For this 
he is given freedom to use his own time and 
is often also given control over considerable 
means in money and personnel. 

The granting of such discretion to indi¬ 
viduals for the purposes of their profession 
is fairly common in all departments of life. 
Holders of higher posts in Business, Politics, 
the Law, Medicine, the Army, the Church, 
are all invested with powers which enable 
them to follow their own intuitive judgment 
within the framework of certain rules. They 
use this freedom in order to discharge their 
duties. Yet the degree of independence 
granted to the scientist may appear to be 
greater than that allowed to other profes¬ 
sional men. A businessman’s duty is to make 
profits, a judge’s to find the law, a general’s 
to defeat the enemy; while in each case the 
choice of the specific means for fulfilling their 
task is left to the judgment of the person in 
charge, yet the standards of success are laid 
down for them from outside. For the scien¬ 
tist this may not hold quite to the same ex¬ 
tent. It is part of his commission to revise 1 
and renew by pioneer achievements the very 
standards by which his work is to be judged. 
He may be denied full recognition for a con¬ 
siderable time—and yet his claims may be 
ultimately vindicated. But the difference is 
only one of degree. All standards of profes¬ 
sional success undergo some change in the 
course of professional practice, and on the 
other hand even the most daring pioneer in 
science accepts the general conceptions of 
scientific achievement and bases his scientific 
claims essentially on traditional standards. 
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I shall have more to say in this connection 
later. 

In any case the powers to use his own intui¬ 
tive judgment and the encouragement to 
embark on original lines of inquiry are not 
given to the scientist to enable him to exercise 
his own personal wishes. The high degree 
of independence that he enjoys is granted 
only to enable him to discharge the more 
effectively his professional obligations. His 
task is to discover the opportunities in the 
given state of science for the most successful 
application of his own talents and to devote 
himself to the exploitation of these openings. 
The wider his freedom, the more fully can he 
throw the force of his personal conviction 
into the attack on his own problem. 

At the start his task is yet hidden, but it is 
none the less definite. There is ample evi¬ 
dence to show that at any particular moment 
the next possibilities of discovery in science 
are few. The next step to be taken in any 
particular field is in fact sometimes so clear 
that we read of a “dramatic race” between 
leading scientists for an impending discov¬ 
ery. A series of such races took place within 
a period of a few years for the discovery of 
the synthesis of various vitamins. In 1935 
Ivarrcr in Zurich and Kuhn in Heidelberg 
competed in the synthesis of Vitamin B 2 . 
In 1936 three teams, Andersag and Westphal 
in Germany, Williams and Cline in the 
United States and Todd and Bergel of Eng¬ 
land raced for the synthesis of Vitamin B x . 
And in 1938 one of the participants in the 
Bi race, Todd, and one in the B 2 race, Karrer, 
rivalled closely in the synthesis of Vitamin 
E. Only a few years earlier (1930) a great 
race was won in physics when Cockcroft and 
Walton working under Rutherford’s gui¬ 
dance in Cambridge accomplished the artifi¬ 
cial disintegration of the atom by electric 
discharge—ahead of Lange and Brasch in 
Germany and Breit, Tuve, Hafstad, Laurit- 
sen, Lawrence and others in America. Or 
to take an example in pure theoretical phys¬ 
ics: between 1920 and 1925 the standing 
problem of theoretical physicists was the 
reconciliation of classical mechanics and 
quantum theory j and around the year 1925 
a number of physicists (de Broglie, Heisen¬ 
berg, Bom, Schrodinger, Dirac) did actually 
discover—more or less independently—the 


various parts of the solution. In a review 
of Eve’s biography of Rutherford, Sir 
Charles Darwin estimates roughly by how 
much Rutherford may have anticipated his 
contemporaries with his various discoveries 
s and suggests for most cases spans of time 
‘ranging from a few months to three or four 
years. Rutherford himself is quoted as say- 

* mg that no one can see more than an eighth 
I tof an inch beyond his nose and that only a 

* Igreat man can look even as far as that. 

Scientific research is not less creative and 
not less independent, because at any particu¬ 
lar time only a few discoveries are possible. 
We do not think less of the genius of Colum¬ 
bus because there was only one New World 
on this planet for him to discover. 

Though the task is definite enough, the 
solution is none the less intuitive. It is essen¬ 
tial to start in science with the right guess 
about the direction of further progress. The 
whole career of a scientist usually remains 
linked to the development of the single sub¬ 
ject which stimulated the early guess. All 
the time the scientist is constantly collecting, 
developing and revising a set of half-con¬ 
scious surmises, an assortment of private 
clues, which are his confidential guides to 
the mastery of his subject. 

| This loose system of intuitions can not be 
|formulated in definite terms. It represents 
4 a personal outlook which can be transmitted 
only—and only very imperfectly—to per¬ 
sonal collaborators who can watch its daily 
application for a year or two to the current 
problems of the laboratory. This outlook is 
as much emotional as it is intellectual. The 
expectations which it entertains are not mere 
idle guesses but active hopes filled with en¬ 
thusiasm. 

The emotions of the scientist also express 
and uphold the values guiding research; they 
turn with admiration to courage and reliabil¬ 
ity and pour scorn on the commonplace and 
the fanciful. Such emotions again can be 
transmitted only by direct contact in the 
course of active collaboration. They are in 
fact the very life-blood of collaboration in a 
research school. Its leader has no more im¬ 
portant function than to maintain enthusi¬ 
asm for research among his students and 
instil in them the love of his own particular 
field. 
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Such is the calling of the scientist. The 
state of knowledge and the existing standards 
of science define the range within which he 
must find his task. He has to guess in which 
field and to what new problem his own special 
gifts can be most fruitfully applied. At this 
stage his gifts are still undisclosed, the prob¬ 
lem is yet obscure. There is in him a hidden 
key capable of opening a hidden lock. There 
is only one force which can reveal both key 
and lock and bring the two together: the crea¬ 
tive urge which is inherent in the faculties of 
man and which guides them instinctively to 
the opportunities for their manifestations. 
The world outside can help by teaching, en¬ 
couragement and criticism, but all the essen¬ 
tial decisions leading to discovery remain 
personal and intuitive. No one with the least 
experience of a higher art or of any function 
requiring higher judgment could conceive it 
to be possible that decisions such as these 
could be taken by one person for another. 
Decisions of this kind can in fact only be 
suppressed by the attempt to transfer them 
to an outside authority. 

The scientist to-day cannot practise his 
calling in isolation. He must occupy a defi¬ 
nite position within a framework of institu¬ 
tions. A chemist becomes a member of the 
chemical profession; and a zoologist, a mathe¬ 
matician or a psychologist, each belongs to 
a particular group of specialised scientists. 
The different groups of scientists together 
form the scientific community. 

The opinion of this community exercises 
a profound influence on the course of every 
individual investigation. Broadly speaking, 
while the choice of subjects and the actual 
conduct of research is entirely the responsi¬ 
bility of the individual scientists, the recog¬ 
nition of claims to discoveries is under the 
jurisdiction of scientific opinion expressed 
by scientists as a body. Scientific opinion 
exercises its power largely informally but 
partly also by the use of an organised ma¬ 
chinery. At any particular time only a 
certain range of subjects is deemed by this 
opinion to be profitable for scientific work. 
Accordingly no training is given and no posts 
either for teaching or for research are offered 
outside these fields, while existing research 
schools are specialised in these subjects and 


so are the journals available for publication. 

Even within the fields that are recognised 
in this sense at any particular time, scientific 
papers cannot be published without pre¬ 
liminary approval by two or three indepen¬ 
dent referees, called in as advisers by the 
editor of the journal. The referees express 
an opinion particularly on two points: 
whether the claims of the paper are suffi¬ 
ciently well substantiated and whether it 
possesses a sufficient degree of scientific inter¬ 
est to be worth publishing. Both character¬ 
istics are assessed by conventional standards 
which in fact are changed from time to time 
according to variations of scientific opinion. 
Sometimes it may be felt that the tendency 
among authors is towards too much specula¬ 
tion which the referees will then try to cor¬ 
rect by imposing more discipline. At other 
times there may seem to be a danger of 
absorption in mere mechanical work, which 
referees will again try to curb by insisting 
that papers should show more originality. 
Naturally, at different periods there are also 
marked variations as regards the conclusions 
that are considered sufficiently plausible. A 
few years ago there was a period in which it 
was easy to get a paper printed claiming the 
transformation of chemical elements by ordi¬ 
nary laboratory processes; to-day—as in 
earlier times—this would be found difficult, 
if not altogether impossible. 

The referees advising scientific journals 
may also encourage those lines of research 
which they consider to be particularly prom¬ 
ising, whilst discouraging other lines of 
which they have a low opinion. The domi¬ 
nant powers in this respect are however 
exercised by referees advising on scientific 
appointments, on the allocation of special 
subsidies and on the award of distinctions. 
Advice on these points, which often involve 
major issues of the policy of science, is 
usually asked from and tendered by a small 
number of senior scientists who are univer¬ 
sally recognised as being the most eminent 
in a particular branch. They are the chief 
Infiuentials, the unofficial governors of the 
scientific community. By their advice they 
can either delay or accelerate the growth 
of a new line of research. New facilities for 
work can he most rapidly made available by 
the granting at their command of special sub- 
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sidies for research. By the award of prizes 
and of other distinctions they can invest a 
promising pioneer almost overnight with a 
position of authority and independence. 
More slowly, but no less effectively, a new 
development can be stimulated by the policy 
pursued by the Influential in advising on 
new appointments. Within 10 years or so a 
new line of thought may be established by 
the selection of appropriate candidates for 
Chairs, which have fallen vacant during that 
period. The same end can be promoted by 
the setting up of new Chairs, which some¬ 
times replace others which have become ob¬ 
solete. 

The constant re-direction of scientific in¬ 
terest by the leaders of scientific opinion ful¬ 
fils the important function of keeping the 
standards of performance in different 
branches of science approximately at an 
equal level. In the various branches the 
standards of reliability and systematic inter¬ 
est are applied in somewhat different ways. 

In general, the greater the human interest of 
the subject matter, the less rigorous the tests 
required for establishing the same standard. 
Living beings are intrinsically more interest¬ 
ing than inanimate nature. Scientific state¬ 
ments will be allowed to be less definite and 
less certain if made about plants or animals 
than about minerals or stars. Similarly a 
speculative achievement of modest range may 
be recognised as a success if it relates to the 
problems of living matter. The leaders of 
scientific opinion have to adjust the different 
standards in such a manner as to maintain 
in every field a uniform level of development. 
This level being jointly characterised by the 
intrinsic interest of the subject matter, the 
profundity or systematic interest of the gen¬ 
eralisations involved and the precision and 
certainty of the new statements made. 

The steady equalisation of standards in all 
branches is necessary, not only in order to 
maintain a rational distribution of resources % 
and recruits for research schools throughout \ 
the field of science, but also in order to j 
uphold equally in every branch the authority 
of science with regard to the general public. 
With the relation of science and the public . 
I shall presently deal in some detail. But a I 
particular aspect of it requires mention at 
this stage since it involves the final phase of 


the process by which recognition is given to* 
new scientific claims. Published papers are 
open to discussion and their results may 
remain controversial for some time. But 
scientific controversies are usually settled— 
or else shelved to await further evidence— 
within a reasonable time. The results then 
pass over into textbooks for universities and 
schools and become part of generally accepted 
opinion. We note that this final process of 
codification is again under the control of the 
body of the scientific opinion—expressed by 
reviewers—under whose authority text-books- 
are in fact brought into circulation. 

The standards of science—like those of all 
other arts and professions—are transmitted 
largely by tradition. Science in the modern 
sense originated some 300 years ago from the* 
work of a small number of pioneers, among 
whom Vesalius and Galileo, Boyle, Harvey 
and Newton were pre-eminent. The founders, 
of modern science have discussed extensively 
and with considerable insight the new meth¬ 
ods which they applied; moreover the doc¬ 
trines of the contemporary philosophy—par¬ 
ticularly through John Locke—gave full ex¬ 
pression to their outlook. Yet the core of the* 
scientific method lies in the practical example 
of its works. Whatever the various philoso¬ 
phies of the scientific method may still reveal,, 
modern science must continue to be defined 
as the search for truth on the lines set by the 
examples of Galileo and his contemporaries. 
No pioneer of science, however revolutionary 
—neither Pasteur, Darwin, Freud nor Ein¬ 
stein—has denied the validity of that tradi¬ 
tion nor even relaxed it in the least. The 
great succession of men of genius to whose 
creative powers science has given scope since 
the end of the sixteenth century, has not 
overshadowed the first pioneers but has—on 
the contrary—increasingly revealed the im¬ 
plications of their discoveries and thus added 
ever more brilliance to their achievements. 
tf Modern science is a local tradition and is 
not easily transmitted from one place to an¬ 
other. Countries such as Australia, New 
Zealand, South Africa, Argentina, Brazil, 
Egypt, Mexico, have built great modern cities 
with spacious universities, but they have 
rarely succeeded in founding important 
schools of research. The total current scien¬ 
tific production of these countries before the 
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war was still less than the single contribu¬ 
tions of either Denmark, Sweden or Holland. 
Those who have visited the parts of the world 
where scientific life is just beginning know 
•of the backbreaking struggle that the lack of 
scientific tradition imposes on the pioneers. 
Here research work stagnates for lack of 
stimulus, there it runs wild in the absence 
of any proper directive influence. Unsound 
reputations grow like mushrooms: based on 
nothing but commonplace achievements, or 
even on mere empty boasts. Politics and 
business play havoc with appointments and 
the granting of subsidies for research. How- 
ever rich the fund of local genius may be, 
such environment will fail to bring it to frui¬ 
tion. In the early phase in question New 
Zealand loses its Rutherford, Australia its 
Alexander, and its Bragg, and such losses 
retard further the growth of science in a new 
country. Rarely, if ever, was the final accli¬ 
matisation of science outside Europe achieved 
until the Government of the country overseas 
succeeded in inducing a few scientists belong¬ 
ing to some traditional centre, to settle down 
in their territory and allowed the newcomers 
to develop there a new home of scientific life 
moulded by their own standards. This dem¬ 
onstrates perhaps most vividly the fact that 
science as a whole is based—in the same way 
as the practice of any single research school— 
on a local tradition, consisting of a fund of 
intuitive approaches and emotional values 
which can only be transmitted from one gen¬ 
eration to the other through the medium of 
personal collaboration. ^ 

Scientific research—in short—is an art; 
it is the art of making certain kinds of dis¬ 
coveries. The scientific profession as a whole 
has the function of cultivating that art by 
transmitting and developing the tradition of 
its practice. The value which we attribute to 
science—whether its progress be considered 
good, bad or indifferent from a chosen point 
of view—does not matter here. Whatever 
that value may be it still remains true that 
the tradition of science as an art can be 
handed on only by those practising the art. 
There cannot therefore be any question of 
another authority replacing scientific opinion 
for the purposes of this function; and any 
attempt to do so can result only in a clumsy 
distortion and—if persistently applied—in 


the more or less complete destruction of the 
tradition of science. 

Professional scientists form a very small 
minority in the community, perhaps one in 
ten thousand. The ideas and opinions of so 
small a group can be of importance only by 
virtue of the response which they evoke from 
the general public. This response is indis¬ 
pensable to science, which depends on it for 
money to pay the costs of research and for 
recruits to replenish the ranks of the profes¬ 
sion. Clearly science can continue to exist 
on the modern scale only so long as the 
authority that it claims is accepted by large 
groups of the public. 

Why do people decide to accept science as 
valid? Can they not see the limitations of 
scientific demonstrations—in the pre-selected 
evidence, the pre-coneeived theories, the al¬ 
ways basically deficient documentation? 
They may see these shortcomings, or at l&ast 
they may be made to see them. The fact 
remains that they must make up their minds 
about their material surroundings in one 
way or another. Men must form ideas about 
the material universe and must achieve defi¬ 
nite convictions on the subject. No part of 
the human race has ever been known to exist 
without a system of such convictions and it 
is clear that their elimination must mean in¬ 
tellectual death. Without them man falls 
to the level of the beast as regards both the 
state of his mind and the level of his techni¬ 
cal achievements. That must remain out of 
the question. The choice therefore open to 
the public is only that of believing in science 
or else in some rival explanation of nature, 
such as that offered by Aristotle, The Bible, 
Astrology or Christian Science. Of these 
alternatives the public of our times has in 
its majority chosen science; and it is the basis 
of this choice that concerns us here. 

Historically, the origin of the decision is 
not difficult to trace. There were two main 
battles, one that opened in the sixteenth cen¬ 
tury against Aristotelian mechanics and as¬ 
trology and another that opened in the nine¬ 
teenth century against the cosmology of the 
Bible. Both of these led to long-drawn cam¬ 
paigns in which the ideas of science spread 
rapidly generation by generation, and finally 
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extended their influence over all the peoples 
led by the West. 

How was this result achieved? It was 
favoured in the first instance by the whole 
movement of the Renaissance, which aroused 
independent judgment among educated peo¬ 
ple. This awakening weakened the forces 
opposing the dissemination of science. In 
these circumstances the convincing power of 
science proved greater than that of its rival. 
When Galileo demonstrated that objects of 
widely different weights, when dropped 
simultaneously from the tower of Pisa, all 
reached the ground at the same moment, this 
proved to every witness of the experiment 
that Aristotle was wrong in teaching that 
such bodies fall at different rates propor¬ 
tional to their weights. These practical tests 
were of the same kind as those used by people 
engaged in the various crafts of mining, 
building, and in the arts of war; people will¬ 
ing to think for themselves could not fail to 
be impressed by them. Though scientific 
proof was not completely accessible to the 
layman, what he could be shown proved 
much more convincing to him than the rival 
arguments based on Aristotle, the Church 
Fathers, Astrology or the Bible; and this has 
continued to hold to this very day. 

This does not mean that the victory of 
science is either complete or final. Pockets 
of anti-scientific views persist in various 
forms. Scientific medicine is rejected by 
that part of the public in Western countries 
which professes Christian Science. Funda¬ 
mentalism challenges geology and evolution. 
Astrology has a more or less vague ascen¬ 
dancy in wide circles. Spiritualism carries 
on a borderline existence between science and 
mysticism. These persistent centres of heter¬ 
odoxy are a constant challenge to science. 
It is not inconceivable that from one of these 
there may emerge in the future some element 
of truth inaccessible to the scientific method, 
which may form the starting point of a new 
interpretation of nature. In any case at 
present these anti-scientific movements con¬ 
stitute an effective check on the popular ac¬ 
ceptance of science: the failure of their 
efforts to spread their doctrines, shows that 
science remains considerably more convinc¬ 
ing than any other of the possible alterna¬ 
tives. 


So long as this is the ease, science could be 
discredited with the public only by stopping 
the channels through which it is dissemi¬ 
nated and by suppressing at the same time 
the desire of people to think for themselves. 
There may be reasons—which may even con¬ 
ceivably be good ones—for doing these 
things: but the result could obviously be con¬ 
sidered only as a distortion or suppression, 
not as a re-direction of the appreciation of 
science by the people. 

I have shown that the forces contributing 
to the growth and dissemination of science 
operate in three stages. The individual scien¬ 
tists take the initiative in choosing their 
problems and conducting their investiga¬ 
tions ; the body of scientists controls each of 
its members by imposing the standards of 
science; and finally the people decide in pub¬ 
lic discussion whether or not to accept science 
as the true explanation of nature. At each 
stage a human will operates. But the exer¬ 
cise of will is fully determined on each occa¬ 
sion by the responsibility inherent in the 
action; and hence any attempt to direct these 
actions from outside must inevitably distort 
or destroy their proper meaning. 

There are two recent instances on record 
of attempts made to break the autonomy of 
scientific life and to subordinate it to State 
direction. The one made by National So¬ 
cialist Germany is so crude and cynical that 
its purely destructive nature is easily demon¬ 
strated. Take the following utterances credi¬ 
bly attributed to Himmler, in which he 
reproves German scholars who refused to 
accept as genuine a forged document con¬ 
cerning German pre-history: 

We don’t care a hoot whether this or something 
else was the real truth about the pre-history of the 
German tribes. Science proceeds from hypotheses 
that change every year or two. So there’s no earthly 
reason why the party should not lay down a particu¬ 
lar hypothesis as the starting-point, even if it runs 
counter to current scientific opinion. The one and 
only thing that matters to us, and the thing these 
people are paid for by the State, is to have ideas of 
history that strengthen our people in their necessary 
national pride. 

Clearly Himmler only pretends here—as a 
mere form of words—that he wishes to re¬ 
adjust the foundations of science; his actual 
purpose is to suppress free enquiry in order 
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to consolidate a particular falsehood which 
he considers useful. The philosophical diffi¬ 
culties in the position of science are men¬ 
tioned only in order to confuse the issue and 
to cloak—however thinly—an act of sheer 
violence. 

The attempts of the Soviet Government to 
start a new kind of science are on an alto¬ 
gether different level. They represent a 
genuine effort to run science for the public 
good and they provide therefore a proper test 
of the principles involved in such an attempt. 

We will illustrate the process and its re¬ 
sults by the example of genetics and plant¬ 
breeding, to which governmental direction 
was applied with particular energy. The 
intervention of the State in these fields began 
about the year 1930 and was definitely estab¬ 
lished by the All Union Conference on the 
Planning of Genetics and Selection held in 
Leningrad in 1932. Up to that time genetics 
had developed and flourished in Russia as a 
free science, guided by the standards that 
were recognised in other countries, through¬ 
out the scientific world. The Conference of 
1932 decided that genetics and plant-breed¬ 
ing should henceforth be conducted with a 
view to obtaining immediate practical results 
and on lines conforming to the official doc¬ 
trine of dialectical materialism, research 
being directed by the State. 

No sooner had these blows been delivered 
against the authority of science than the in¬ 
evitable consequences set in. Any person 
claiming a discovery in genetics and plant¬ 
breeding could henceforth appeal directly 
over the heads of scientists to gullible prac¬ 
titioners or to politically minded officials. 
Spurious observations and fallacious theories 
advanced by dilettants, cranks and impostors 
could now gain currency, unchecked by scien¬ 
tific criticism. 

An important case of this kind was that 
of I. V. Michourin, (1855-1935) a plant¬ 
breeding farmer, who some years earlier had 
announced the discovery of new strains of 
plants produced by grafting. He claimed to 
have achieved revolutionary improvements 
in agriculture, and to have obtained a strik¬ 
ing confirmation of dialectical materialism. 
The opinion of science on the contrary was— 
and still remains—that Michourin ? s observa¬ 


tions were mere illusions, that they referred 
to a spurious phenomenon, known by the 
name of “vegetative hybridisation” which 
had been frequently described before. The 
illusion can arise from an incomplete statis¬ 
tical analysis of the results obtained and may 
be occasionally supported also by the fact 
that viruses are transmitted to the graft and 
and its offsprings. The occurrence of true 
hereditary hybridisation by grafting would 
be incompatible with the very foundations 
of modern biological science and its existence 
had definitely been discredited by the formu¬ 
lation of Mendel’s laws and the discoveries 
of cytogenetics. 

The denial of Michourin J s claims by scien¬ 
tific opinion now lost its force. His work 
appealed to the practitioner and it conformed 
to the philosophy imposed by the State. It 
thus fulfilled both the criteria which had re¬ 
placed the standards of science. Hence— 
inevitably—Michourin’s work was now given 
official recognition. The Government, in its 
enthusiasm over this first fruit of its new 
policy in science, went even further and 
erected a monument of unparalleled splen¬ 
dour to Michourin. It re-named the town of 
Koslov and called it “Michourinsk” (1932). 

The breach thus made in the autonomy of 
science laid the field of genetics and plant¬ 
breeding wide open to further invasion by 
spurious claims. The leader of this invasion 
became T. D. Lysenko—a successful worker 
in agricultural technique—who expanded 
Michourin’s claims into a new theory of 
heredity which he opposed to Mendelism and 
cytogenetics. His popular influence caused 
hundreds of people without proper scientific 
training, such as farmers and young students 
of agriculture, to attempt grafting experi¬ 
ments with the aim of producing “vegeta¬ 
tive hybrids.” Lysenko has himself de¬ 
scribed proudly how by the labours of this 
mass movement vegetative hybrids “poured 
out like the fruits from the horn of abun¬ 
dance.” Aided by claims of this kind, 
Lysenko gained high recognition for himself 
by the Government. He was appointed a 
member of the Academy of the U.S.S.R. and 
made President of the Academy of Agricul¬ 
tural Science of the U.S.S.R. By 1939 his 
influence had reached the point that he could 
induce the Commissariat of Agriculture to 
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prohibit the methods hitherto used in plant¬ 
breeding stations and to introduce, compul¬ 
sorily, new ones that were based on his own 
doctrine of heredity and that were contrary 
to accepted scientific opinion. In a publi¬ 
cation of the same year he even went so far 
as to demand the final elimination of his 
scientific opponents, by the total abolition 
of genetics in Russia: 44 In my opinion’’—he 
wro te—“it is quite time to remove Mendclism 
entirely from University courses and from 
the theoretical and practical guidance of 
seed-raising. ’ ’ 

However, the Government hesitated to take 
the decisive step and a conference was called 
to clarify the situation. The Editors of the 
Journal “Under the Banner of Marxism” 
acted as conveners, and the proceedings, to¬ 
gether with an extensive editorial commen¬ 
tary, were subsequently published in that 
Journal. The reports of this Conference 
form impressive evidence of the rapid and 
radical destruction of a branch of science 
caused clearly by the fact that the conduct of 
research had been placed under the direction 
of the State. We may note that the govern¬ 
ment in this case was a particularly progres¬ 
sive one and that it was aiming at solid rea¬ 
sonable benefits for its own peox>le. It is all 
the more significant that in spite of this, the 
result of its action was only to plunge the 
science of genetics into a morass of corrup¬ 
tion and confusion. 

The Conference, which revealed these con¬ 
ditions to the outside observer was presided 
over by M. B. Mi tin (a person unknown to 
international science and probably a repre¬ 
sentative of the Journal), who in his opening 
speech outlined once again what the practical 
and theoretical principles were to which 
science must conform when under the direc¬ 
tion of the Soviet State, “We have no gulf 
between theory and practice, we have no 
Chinese wall between scientific achievements 
and practical activity. Every genuine dis¬ 
covery, every genuine scientific achievement 
is with us translated into practice, enters into 
the life of hundreds of institutions, attracts 
the attention of the mass of people by its 
fruitful results. Soviet biologists, geneticists 
and selectionists must understand dialectic 
and historical materialism, and learn to apply 
the dialectic method to their scientific work. 


Verbal, formal acceptance of dialectical ma¬ 
terialism is not wanted.” 

Academician N. I. Vavilov, internationally 
recognised as the most eminent geneticist in 
Russia (as shown by his recent election as 
Foreign Member of the Royal Society) put 
the ease for the science of genetics. He sur¬ 
veyed the development of this science from 
its inception and pointed out that not a single 
author of repute anywhere outside Russia 
would either doubt the soundness of cyto¬ 
genetics, or would be prepared to accept the 
existence of so-called “vegetative hybrids.” 

Such appeals however had now become 
groundless; with the establishment of State 
supremacy over science, the authority of in¬ 
ternational scientific opinion had been ren¬ 
dered void. Vavilov was rightly answered by 
being confronted with his own declaration 
made at the Planning Conference of 1932 in 
which he had deprecated the cultivation of 
science for its own purposes. Yielding at the 
time perhaps to pressure, or believing it wise 
to meet popular tendencies half way, little 
expecting in any case the far reaching con¬ 
sequences to follow from his relinquishment 
of principles—he had then allowed himself 
to say: “The divorce of genetics from prac¬ 
tical selection, which characterises the re¬ 
search work of the U.S.A., England and other 
countries, must be resolutely removed from 
genetics-selection research in the U.S.S.R.” 

Such principles having now been generally 
accepted, Vavilov could raise no legitimate 
abjection if the classical experiments to 
which he referred, and on which his branch 
of science was based, were laughed to scorn 
by men like the practical plant breeder V. K. 
Morozov—who addressed the meeting as fol¬ 
lows: “The representatives of formal genet¬ 
ics say that they get good 3:1 ratio results 
with Drosophila. Their work with this ob¬ 
ject is very profitable to them, because the 
affair, as one might say, is irresponsible . . . 
if the flies die, they are not penalised.” In 
Morozov’s opinion a science which in 20 years 
had produced no important practical results 
at his plant breeding station, could not pos¬ 
sibly be sound. 

This view can in fact be considered as a 
correct conclusion from the criteria of science 
now officially accepted (though fortunately 
by no means universally enforced) in the 
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Soviet Union. If all the evidence drawn 
from practically unimportant cases is to be 
disregarded or at least treated lightly, then 
little proof can remain in support of the 
theories of genetics. In such circumstances 
any simple, plausible ideas such as the fab 
lacies advocated by Lysenko must inevitably 
acquire the greater convincing power and 
gain the wider support among all non-special¬ 
ists, whether practitioners or ordinary lay¬ 
men. This is in fact what the Conference on 
Genetics demonstrated. Morozov could as¬ 
sure Lysenko that nearly all practical field 
workers, agronomists and collective farmers 
had become followers of his doctrine of 
heredity. 

The authority of science having been re¬ 
placed by that of the State, it was also logical 
that political arguments should be used 
against Vavilov’s traditional scientific rea¬ 
soning. Lysenko for example introduced 
such arguments as follows: “N. I. Vavilov 
knows that one cannot defend Mendelism be¬ 
fore Soviet readers by writing down its foun¬ 
dation, by recounting what it consists of. It 
has become particularly impossible nowadays 
when millions of people possess such a mighty 
theoretical weapon as ‘The short Course of 
the History of the All-Union Communist 
Party (Bolshevists).’ When he grasps Bol¬ 
shevism, the reader will not be able to give 
his sympathy to metaphysics, and Mendelism 
definitely is pure, undisguised metaphys¬ 
ics. ’ ’ 

It was logical again that Lysenko and his 
adherents should invoke Michourin as an 
authority whose claims had been established 
by the State; that Lysenko should speak of 
“that genius of biology I. V. Michourin, 
recognised by the Party and the Government 
and by the country . . and declare that 
it is “false and conceited” on the part of a 
biologist to think that he could add anything 
to Michourin’s teaching. 

In such circumstances there seems indeed 
nothing left to the hard pressed scientists but 
'to attempt a defence in the same terms as 
used by their opponents. This is what the 
eminent geneticist Professor N. P. Doubinin 
apparently decided to do at the Conference 
on Genetics. His speech in defence of cyto¬ 
genetics refers freely to Marx, Engels and 
the “Short Course of the History of the 


Communist Party. ’ ’ He reverently mentions 
Michourin, naming him as a classic next to 
Darwin. But in his view—as he explains— 
all these high authorities are directly or in¬ 
directly supporting Mendelism. “It is quite 
wrong,” he says, “to describe Mendelism by 
saying that its appearance represents a prod¬ 
uct of the imperialist development of capital¬ 
ist society. Of course after its appearance 
Mendelism was perverted by bourgeois scien¬ 
tists. We know well the fact that all science 
is class science.” 

Such is the last stage in the collapse of 
science. Attackers and defenders are using 
the same spurious and often fanciful argu¬ 
ments, to enlist for their own side the support 
of untutored practitioners and of equally un¬ 
tutored politicians. 

But the position of the defenders is hope¬ 
less. Science cannot be saved on grounds 
which contradict its own basic principles. 
The ambitious and unscrupulous figures who 
rise to power on the tide of a movement 
against science, do not withdraw when scien¬ 
tists make their last abject surrender. On 
the contrary they stay to complete their tri¬ 
umph by directing against their yielding 
opponents the charge of insincerity. Thus 
Lysenko says, “The Mendelian geneticists 
keep silent about their own radical disagree¬ 
ment with the theory of development, with 
the teaching of Michourin,” and even more 
jeeringly is the same taunt made by Ly¬ 
senko ’s assistant Professor 1.1. Present: “ It 
is new to find that all of them, some more 
sincerely than' others, all of them try to give 
the impression that with Michourin at least 
they have no quarrel.” 

Such taunts are unanswerable and their 
implications are shattering. They make it 
clear that scientists must never hope to 
save their scientific pursuits by creeping 
under the cloak of essentially anti-scientific 
principles. “Verbal, formal acceptance of 
these principles”—the Chairman had 
sternly warned from the beginning—“is not 
wanted.” 

The demonstration given here of the cor¬ 
ruption of a branch of science caused by 
placing its pursuit under the direction of the 
State, is, I think, complete. The more so—I 
wish to repeat—as there is no doubt at all 
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the unwavering desire of the Soviet Govern¬ 
ment to advance the progress of science. It 
has spent large sums on laboratories, on 
equipment, and on personnel. Yet these sub¬ 
sidies, we have seen, benefited science only 
so long as they flowed into channels con¬ 
trolled by independent scientific opinion 
whereas as soon as their allocation was accom¬ 
panied by attempts at establishing govern¬ 
mental direction they exercised a violently 
destructive influence. 

We may hope and expect that one day the 
Soviet Government will recognize the error 
in such attempts. That they will realize, for 
example, that their plant-breeding stations 
are operating on lines which were abandoned 
as fallacious in the rest of the world about 
forty years earlier. 

What can a government do when it realizes 
such a state of affairs? What course can it 
then take to restore the functions of science ? 

According to our analysis the answer can¬ 
not be in doubt. One thing only is neces¬ 
sary—but that is truly indispensable. It is 
only necessary to restore the independence 
of scientific opinion. To restore fully its 
powers to maintain scientific standards in 
respect of all their proper functions, in the 
selection of papers for publication, in the 
selection of candidates for scientific posts, 
in the granting of scientific distinctions and 
in the award of special research subsidies. 
To restore to scientific opinion the power to 
control by its influence the publication of 
textbooks and popularizations of science as 
well as the teaching of science in universities 
and schools. To restore to it above all the 
power to protect that most precious foothold 
of originality, that landing ground of all new 
ideas, the position of the independent scien¬ 
tist—who must again become sole master of 
his own research work. 

There is still time to revive the great scien¬ 
tific tradition of Russia which, although at 
present distorted in many respects, is very 
far from being dead. The recent great prog¬ 
ress of Russian mathematics, and of many 
other fields in which State control has never 
been effectively applied, proves that the valu¬ 
ation of science for its own sake still lives in 
U.S.S.R. Let scientists be free once more to 
expound their true ideals. Let them be al¬ 
lowed to appeal to the Soviet peoples; to ask 


for their support of science on its own 
grounds, for the understanding and love of 
science when pursuing its own immortal pur¬ 
pose. Let them be free to expose the cranks 
and careerists who have infiltrated into their 
ranks since the inception of “planning” in 
1932. Let the Soviet scientists become affili¬ 
ated again to the body of international 
science. 

The very moment that scientists regain 
these freedoms, science will flourish again. 
Overnight it will rise again free of all the 
confusion and corruption which is now affect¬ 
ing it; and, aided by tiie rich endowments 
which it is receiving from the State, the Rus¬ 
sian scientific genius will once more speed 
on, unhampered, to new great achievements. 

However, the current of future events 
may well tend towards the very opposite 
course. We are experiencing to-day a weak¬ 
ening of the principles of scientific autonomy 
in countries where science is still free. There 
is a movement afoot among scientists- them¬ 
selves, urging that science should be adjusted 
to social ends. “Science must be marshalled 
for the people” Professor II. Levy is re¬ 
ported to have proclaimed at a popular rally 
of scientists in London only a few weeks ago. 
Fired by misguided generosity these scien¬ 
tists would sacrifice science—forgetting that 
it is theirs only on trust for the purpose of 
cultivation, not theirs to give away and allow 
to perish. 

Our analysis seems to leave no doubt, that 
if this kind of movement prevailed and de¬ 
veloped further: if attempts to suppress the 
autonomy of science, such as have been made 
in Russia since 1932, became world wide and 
were persisted in for a time, the result could 
only be a total destruction of science and of 
scientific life. Single individuals could per¬ 
haps continue to study pure science and to 
achieve sporadic progress as some did even 
during the Middle Ages. But the swift and 
steady progress of discovery, as experienced 
in the past 100 years, would be brought to a 
standstill and presently the main body of 
science itself would disintegrate and fall into 
oblivion. 

That is why we must recognize the essen¬ 
tially autonomous nature of science with all 
its great implications. 



THE NATIONAL PEST CONTROL ASSOCIATION* 

By J. J. DAVIS 


Insects appeared millions of years ago, and 
insect remains that have been preserved as 
fossils through the ages give us a fair idea 
of the early forms of insect life and their 
possible economic significance. Perhaps the 
first references in literature to the economic 
significance of insects are those recorded in 
the Old Testament of the Bible, where we 
read of the ravages of such insects as flies, 
locusts (grasshoppers), cankerworms, and 
palmer worms. Doubtless insects have been 
a problem of man since his earliest existence. 

Entomology, the science of insect life, is a 
relatively recent science, and economic, or 
applied, entomology, as a science, is even 
more recent. In fact we may say that the 
science of economic entomology dates back 
not more than seventy-five years. Prior to 
1870 entomologists were chiefly interested in 
the collection and identification of insects. 
With the advent of the cotton caterpillar and 
the Colorado potato beetle in the seventies 
the economic significance of insects became 
increasingly important, and with the intro¬ 
duction and establishment of insects into 
North America from foreign countries the 
insect problems became doubly important. 
During these past seventy-five years of prog¬ 
ress in economic entomology emphasis has 
been given to the problems of controlling 
insects destructive to animals and plants that 
provide food and clothing and to insects and 
other arthropods that are responsible for the 
carrying and spread of diseases of humans 
and domestic animals and plants. 

In years past those interested in entomol¬ 
ogy have been able to elect it as a vocation in 
the fields of teaching, research, extension, and 
regulatory work—largely in federal or state 
agencies. More recently, manufacturing in¬ 
dustries, especially the chemical industries, 
have demanded increasingly large numbers 
of entomologically trained men. At the same 
time some college trained persons and some 

* This is the first of a series of articles that are 
to be published from time to time in The Scientific 
Monthly on semiprofessional and trade associations 
whose effectiveness is partly dependent on the prog¬ 
ress of science.—Ed. 


who developed from apprenticeships foresaw 
opportunities in the field of insect and rodent 
control as consultants and as service opera¬ 
tors. These service operators, who practiced 
insect and rat control largely in hotels, ware¬ 
houses, and homes as much as seventy-five 
years ago, became known as “extermina¬ 
tors,” and even today are so called in many 
localities. Methods in the early days were 
crude and tedious, but records indicate suc¬ 
cessful operations. 

A national emergency some twelve years 
ago served to bring together a nucleus of per¬ 
sons and firms engaged in structural pest 
control work. To be sure, prior to that time, 
there had been local organizations of ex¬ 
terminators in several cities, and local city 
ordinances had been enacted to curb reckless 
fumigation practices. However, the neces¬ 
sity under NRA requirements for preparing 
a national industry code must be emphasized 
as the occasion for the birth of a recognizable 
pest control service industry. It is to the 
credit of the comparatively few assembled 
exterminators, now known as pest control 
operators, or PCO’s, that the possibilities and 
the needs were recognized for the formation 
of a permanent organization. Thus, the Na¬ 
tional Association of Exterminators and 
Fumigators was formally organized. The 
change in 1936 to the present name, National 
Pest Control Association, was more than a 
mere change of wording; it was evidence of 
an already broadened outlook. The organ¬ 
izers foresaw the need and demand for pest 
control service as a profession of great im¬ 
portance to humanity and the necessity for a 
co-operating industry to meet this need. 

Today the National Pest Control Associ¬ 
ation is a well-organized group of 685 pest 
control establishments, representing an esti¬ 
mated personnel of 5,800 individuals. Aside 
from the annual meetings, dealing largely 
with industry problems, the Association is 
co-operating in maintaining five regional 
educational conferences, conducted annually 
at Purdue University, University of Cali¬ 
fornia, Louisiana State University, Massa- 
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chusetts State College, and the University of 
Montreal. Thus, through the union of the 
pest control industry with science the goal 
of a pest control profession is being achieved. 

Through the annual meetings of the 
N.P.C.A. and the regional conferences the 
pest control operators have developed stand¬ 
ards and ethics accepted by all members of 
the Association. The code of ethics includes: 

1. Relation of Member to Public: The 
member in his advertisements or other solici¬ 
tations of business should not use tricky, 
fraudulent, or misleading wording or 
methods. 

2. Relation of Member to Client: The 
member shall thoroughly analyze the require¬ 
ments of his clients and shall conscientiously 
recommend the means best suited for the 
client’s needs. 

3. Professional Services: The member upon 
accepting a contract or service agreement 
shall render skilled, intelligent, and consci¬ 
entious service. 

4. Relation of Member to Competitor: The 
member shall not publicly criticize the busi¬ 
ness or private affairs of a competitor. 

5. Relation of Member to Association: The 
member shall be loyal to the principles of his 
Association and active in its advancement. 

Standards carefully prepared and adopted 
by the Association or well along in prepara¬ 
tion are concerned with fumigation, termite 
control, and control of rodents, ants, and 
roaches. These standards involve a knowl¬ 
edge of entomology as it relates to identifi¬ 
cation, life cycles, and habits of pests; a 
knowledge of the chemistry and toxicology 
of insecticides; and an understanding of the 
principles of construction and of sanitation. 
They likewise involve procedures of treat¬ 
ment, with special reference to safety prac¬ 
tices. Experience has taught the pest control 
operator who follows these official standards 
that there are no substitutes for accurate 


analysis, sound technique, and skillful appli¬ 
cation. 

Entomology is now recognized as one of 
the important sciences. It has a direct and 
close relation to profitable agriculture and 
to the health and well-being of all peoples. 
In North America three major organizations 
represent this important science: 

1. The American Association of Eco¬ 
nomic Entomologists, organized in 1889 to 
represent research on insect control. 

2. The Entomological Society of America, 
organized in 1907 to represent the “pure” 
science of entomology. 

3. The National Pest Control Association, 
organized in 1933 to represent the commer¬ 
cial service phase of applied, or economic, 
entomology as it is related to structural pest 
control. 

This last organization has recognized its 
dependence upon the other two for research, 
and as a result the industry is rapidly im¬ 
proving in its methods, standards, and ethics 
through the development and distribution of 
the knowledge gained from this research, 
both current and planned. 

Thus we find that the pest control opera¬ 
tors are rendering valuable public services, 
which will doubtless gain in importance and 
significance in postwar days. Their job is to 
control pests of many kinds: those that 
menace health, as houseflies, mosquitoes, body 
lice, and fleas; those that destroy property, 
as clothes moths, carpet beetles, silverfish, 
termites, powder post beetles, rats, mice, and 
rot fungi; and those that are annoying, as 
ants, roaches, bedbugs, and book lice. Conse¬ 
quently, it is necessary for the PCO to know 
how to identify these various pests, what to 
prescribe (based on his knowledge of the life 
history and habits of each pest), and the best 
methods of applying the remedy, to the end 
that the undesirable condition will be elimi¬ 
nated. 
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AN INDIAN RELICT AREA 

There is a detailed map of Southbridge, 
Massachusetts, dated 1830, republished by 
the Quinnebaug Historical Society in the 
Ainmidown Historical Collections. Depicted 
on this map in the southwestern portion of 
the township, extending south across the 
state line into Connecticut, is an area labeled 
“Woods.” Inasmuch as this spot was the 
last bit of original land in that section un¬ 
touched by white men, an elucidation of the 
ecology of the area is worthy of more than 
passing mention. 

This was the site of the Hatchet Lake In¬ 
dian Reservation, the last primeval land, in 
an encompassing farming area, to be con¬ 
trolled by the Indians—the last stand of 
Indian influence that had once been felt 
throughout southern New England. 

Twenty-five years ago I had the privilege 
of discussing this area with the late Dr. Carey 
C. Bradford, then Medical Examiner of 
Southbridge, and his brother Henry, descend¬ 
ants of the famous early Governor Bradford 
of Massachusetts. Many generations of 
Bradfords had made Woodstock, Connecti¬ 
cut, their home. These conversations re¬ 
vealed much that later proved of great as¬ 
sistance in fitting together scattered puzzling 
pieces of information into a full realization of 
the type of country which this relict repre¬ 
sented in 1830, now so greatly changed. 

At the time of Indian occupancy the vege¬ 
tation of this section was characterized by 
an open forest of oak, 1 chestnut, and hickory 
on the slopes; white pine and hemlock in the 
swamps; and bushy plains and blueberry 

i The scientific names of the plants mentioned in 
this article are as follows: “oak, 77 principally 
Quercus velutina Lam., Q. alba L., Q> borealis Miehx., 
and Q. coccinea Mnenchh.; “chestnut/ 7 Castanea 
dentata Borkh.; “hickory, 77 Cary a ovata K. Koch 
and <2. glabra Sweet; “white pine/’ Pmus strobus 
L.; “hemlock/ 7 Tsuga canadensis Carr.; “hushy 
plains/ 7 low scattered growths of Quercus ilicifolia 
Wangli.; “blueberry barrens, 77 largely Vaccinium 
pennsylvanicum Lam. and V. vaccillans Kalm; “In¬ 
dian grass/ 7 Andropogon scoparius Mich.; “birch/ 7 
Betula populifolia Ait. and B. lenta L.; “aspen/ 7 
JPopulus grandidentata Miehx. and P. tremuloides 
Miehx.; * 1 red maple, 77 Acer rubrum L.; “mountain- 
laurel, 7 7 Kalmia latifolia L. 


barrens on the overly drained acid-soil 
plateaus and hilltops. 

In other words, the uplands were essen¬ 
tially a subclimax maintained by the con¬ 
flagrations set by the Indians during dry 
periods of fall, winter, and early spring to 
preserve the openness of the country, to 
facilitate travel and hunting, and to main¬ 
tain an adequate food supply both for them¬ 
selves and for the great abundance of game 
birds and mammals that this type of country 
was capable of supporting. In fact, the 
whole ecology of the Indian-occupied country 
was primarily a symbiotic relationship among 
the plant associations, the Indian, and his 
game animals. 

The Indians 7 fires favored the tough nut- 
and acorn-bearing timber at the expense of 
the fire-susceptible white pine, hemlock, 
birch, maple, and other trees of the natural 
climax, which on the whole were valueless 
for food in the Indian economy. The fires 
also preserved, as well, the blueberry bar¬ 
rens, 2 which if left unburned would soon 
grow up to brush. The blueberry heaths in 
turn furnished food for the Indians as well 
as for the countless game. They were the 
habitat of the heath hen, now extinct. They 
were important feeding grounds for the mil¬ 
lions of passenger pigeons, exterminated 
during the last part of the nineteenth cen¬ 
tury. The last wild turkey in Connecticut 
was killed in this section about 1845. The 
Virginia, or white-tailed, deer was killed out 
before 1820 but returned later under the pro¬ 
tection of stringent game laws to inhabit the 
increasing brush lands. 

According to Mr. George Abbott of the 
Southbridge "Water Company, the present 
owners of this area, the Indians died out or 
moved away, and the Reservation was aban¬ 
doned about 1831. 

Upon cessation of the Indians 7 fires, the 
upland woods and grassy plains soon grew 
up to brush, which developed rapidly into 
the white pine and gray birch stands so char¬ 
acteristic of this area in the eighties and 
2 The present commercial blueberry barrens of 
eastern Maine have to be burned over every other 
year to insure maintenance of growth and yield. 
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nineties. The dense character of the brush 
slowly hut surely choked out the low blue¬ 
berry growths and Indian grass. 

Other sections of the Reservation, particu¬ 
larly those on Hatchet Hill, were cleared by 
the whites for sheep pastures. Dr. Bradford 
told of his father witnessing this transition, 
which resulted in the extermination of the 
rattlesnake, until then abundant on Hatchet 
Hill. The trees were cut down in June and 
allowed to dry out until late summer ; then 
fires were started around the entire periphery 
of the lot. Soon burning fiercely, the fire 
consumed the dried leaves and branches to¬ 
gether with the rattlesnakes, which, attracted 
by the cover and food supply, had left the 
ledges and congregated in the tangle. 

The sound green logs, which were only 
superficially scorched, were dragged out by 
oxen and utilized for timber. Sheep were 
then turned lose to pasturage. 

Sometime after the Civil War the pastures 
failed and were abandoned. In places they 
grew up to white pine. The pine groves, 
after having been cut for lumber and box 
wood fifty or sixty years later, were suc¬ 
ceeded by deciduous trees: principally birch., 
aspen, and red maple. Thick growths of oak 
sprouts developed in the former timber- 
lands. 

The original oak and chestnut woodlands 
composed of trees several centuries of age, 
which had been a vast food reservoir for 
Indian and game alike, were lumbered out 
during the last quarter of the century. 

According to a local newspaper clipping, 
dated 1931, which I have in my possession, 
these woods were cut off about 1.881 “by the 
late Daniel Whitford according to the dwell¬ 
ers in that neighborhood. At that time it 
was a virgin forest of oak and chestnut. Not 
far from the spot there had previously been 
set up the first portable sawmill ever put in 
operation in this part of the state. An older 
lumberman named Googins, from Belling¬ 
ham, came here, set up the mill and soon con¬ 
verted the big trees into thousands of feet of 
lumber.’ ’ 

The entire area today is one of thick brush 
and dense young woodland; a barren wilder¬ 
ness incapable of supporting wild turkey, 
pigeon, heath hen, or Indian populations, 
even if such still existed. A notable feature 


of this area in its present condition is the 
abundance of mountain-laurel. In some 
places there are many acres of this shrub to 
the exclusion of most other types of vegeta¬ 
tion. This type of country supports the 
following characteristic game animals and 
birds: the varying hare, or snowshoe rabbit; 
the Virginia deer; the ruffed grouse; and 
the woodcock. 

A final word about the Indians: Bowen 
(1926) in his History of Woodstock, Con¬ 
necticut, volume 1, p. 537, stated that the 
Wabbaquassetts “who lived in the Hatchet 
Pond Reservation gradually disappeared. 
Rum and cider caused their degeneration.” 
Although this may be true in part, I doubt 
that it was the whole story by any means. 
It is more reasonable to suppose that the In¬ 
dians were starved out by the activities of 
the whites in exterminating the game birds 
and mammals that were so vital to the In¬ 
dians’ mode of existence. Weakened by 
improper diet, the remainder fell easy prey 
to smallpox and measles.—S. W. Bromley, 
Bartlett Tree Research Laboratories, Stam¬ 
ford, Conn. 

RESEARCH IN THE ANTARCTIC 

WhaxjE oil not only makes glycerin for 
explosives, it also makes margarine. Small 
wonder then that today it has become one of 
the world’s most important commodities. 

Before the war the business of whaling 
was mostly carried out by Norwegians, hut 
by far the greater part of the whale oil taken 
last year was secured by Britain. The most 
fruitful whaling grounds are in the Antarctic 
Ocean, where the whales are bigger, fatter, 
and more plentiful than anywhere else. To 
make the work of the whaling expeditions 
safer and more productive, much research 
has been necessary on the meteorology of the 
Antarctic Ocean, on the habits and migra¬ 
tory movements of whales, and on the gen¬ 
eral economic resources of the Antarctic. 

This work is mostly undertaken by a Brit¬ 
ish organization—the Discovery Committee 
—which acts under the authority of the 
Secretary of State for the Colonies. The 
Committee, which has been at work since 
1925, is also charged with investigations on 
general oceanography, ice conditions, seals, 
fish, and other aspects of the fauna and flora 
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of the Antarctic Ocean, and with sounding 
and coastal surveying. But research is 
mainly focussed on the natural history of 
whales. 

During the years before the war the Com¬ 
mittee’s work was carried out by three ships: 
the Royal Research Ship Discovery (736 
tons), the R.R.S. Discovery II (1036 tons), 
and the R.R.S. William Scoresby (324 tons). 
A Marine Station was established at South 
Georgia near one of the shore-based whaling 
stations, and detached parties worked in 
factory ships and other stations. 

The more direct investigations on whales 
have included the anatomical examination of 
many thousands of whales at whaling sta¬ 
tions and in factory ships, principally for 
studying their breeding and growth; the 
marking by numbered darts of some thou¬ 
sands of living whales (mainly by the Wil¬ 
liam Scoresby) for investigation of migra¬ 
tions and distribution; and observations at 
sea on their distribution and habits during 
the voyages of all three ships. In addition, 
some extensive collections of ovaries have 
been acquired by the courtesy of the whaling 
companies, for these organs, which retain 
traces of previous pregnancies, give a clue 
to the age of the whale. 

It would be impossible to give in a few 
lines even the barest summary of the results 
of these investigations, but it may be said 
that the great whalebone whales breed slowly 
but grow up comparatively quickly, that 
they spend the summer in the Antarctic 
where food is abundant, and migrate to the 
same part of the Antarctic in the following 
summer. Of the three important species 
the medium-sized finback whales ( Balaenop- 
tera physalus ), averaging about 66 feet long, 
are still plentiful in the Antarctic Ocean, but 
the stocks of great blue whales ( B . muscu- 
lus) , averaging about 75 feet long, and 
smaller humpback whales ( Megaptera 
nodosa ), averaging about 54 feet long, were 
reduced as a result of hunting before the 
war. 

The more comprehensive research was car¬ 
ried out during one commission of the Dis¬ 
covery and five subsequent commissions of 
the Discovery II, with the co-operation from 
time to time of the William Scoresby. This 
amounted in effect to a hydrological and bio¬ 


logical survey of the whole Antarctic Ocean, 
though the observations were more concen¬ 
trated in the Falkland Sector than elsewhere, 
and a period in nearly every commission was 
devoted to coastal surveys and to what might 
be termed scientific exploration in the Falk¬ 
land Islands Dependencies. The Discovery 
II is a specially efficient ship, with a maxi¬ 
mum cruising range of 10,000 miles and 
equipment for almost all forms of oceano¬ 
graphical research. 

The Antarctic Ocean has been covered 
with a network of voyages, including two 
circumpolar cruises, the ship stopping peri¬ 
odically “on station” to take a series of 
water samples and temperatures at all depths 
from surface to bottom and to fish a variety 
of nets. Frequent echo soundings and 
meteorological observations were made, and 
continuous records were kept of whales, 
birds, icebergs, etc. Many such voyages ran 
north and south between subtropical regions 
and pack-ice, others were concentrated in 
the belt north of the ice, which forms the 
summer habitat of whales, and sometimes 
the same tracks were followed at different 
times of year for the study of seasonal varia¬ 
tions. Specially intensive observations were 
made on the whaling grounds of South 
Georgia and the South Shetland Islands. 

Observations have been made at all times 
of year, though rather less in the winter than 
in the summer months. Severe weather 
conditions are met with almost everywhere. 
With the Discovery II, however, it has been 
found possible to make a full series of ob¬ 
servations in a moderate gale. In stronger 
winds at least the deeper hauls with water¬ 
sampling instruments and nets must be 
omitted, for the pitching of the ship may 
cause the wires to break, with the loss of 
valuable apparatus. 

When a research ship is constantly at work 
on such a variety of subjects, the scientific 
data and collections accumulate much faster 
than they can be analyzed and reported upon 
unless a very large staff is employed at home. 
The Discovery Committee’s work at sea was 
suspended when war broke out, and not much 
could be done on the accumulated material 
in wartime. Thus the work cannot be com¬ 
pleted until some years after the war. 

However, much has already been done. 
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The principal water masses and water move¬ 
ments of the Antarctic Ocean and the sea¬ 
sonal advance and retreat of the pack-ice 
have been mapped out, and much is already 
known of the chain of nourishment that be¬ 
gins with the nutrient salts in the water upon 
which depend the minute vegetable organ¬ 
isms so abundant in the surface waters of the 
Antarctic. These organisms (mainly the 
diatoms) form the pastures of the ocean and 
feed the shoals of small crustaceans, which 
in turn are the staple food of whales and of 
many fish, seals, and birds. These crus¬ 
taceans, are confined to waters south of the 
Antarctic convergence (the line which marks 
the northern boundary of the cold Antarctic 
surface water), and their distribution, which 
nearly corresponds with the maximum area 
covered by the pack-ice, is closely connected 
with the summer distribution of the whales. 

Many parts of the Falkland Islands De¬ 
pendencies have been surveyed and much 
information acquired on the physiography, 
geology, and biology of these lands. 

In the course of the work very extensive 
collections of the marine fauna and flora 
have been made and reported upon by special¬ 
ists, and several minor problems have been 
investigated. Apart from the general pro¬ 
gram of oceanographical research, the Wil¬ 


liam Scoresby has undertaken a trawling 
survey of the shallow waters between the 
Falkland Islands and the Patagonian coast, 
and a survey of the Peru coastal current. 

Two scientific results of the work are pub¬ 
lished by the Committee in a series of 
memoirs entitled the “Discovery Reports” 
(Cambridge Press), of which twenty-two 
volumes have so far been issued. For the 
most part these are technical papers, but 
from time to time semipopular accounts of 
the work of the ships have been given to the 
Royal Geographical Society and published 
in the Geographical Journal . 

Most of the Committee's staff are now 
occupied in various forms of national ser¬ 
vice. Work in Britain has been continued, 
however, by a small nucleus of the staff, and 
some further reports have been issued since 
the war began. And this year, despite the 
war, scientific research and survey work were 
resumed in some of the most remote of Brit¬ 
ish Dependencies, the Falkland Islands. 
Scientific and administrative personnel ar¬ 
rived there in April, established well- 
equipped bases, and settled down to work in 
the Antarctic, prepared to remain there for 
a considerable period.—N. A. Mackintosh, 
Director of Research to the “ Discovery Com¬ 
mittee” in Britain. 
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COSTS OF DENTAL CARE 

Costs of Dental Care for Adults under Specific Clini¬ 
cal Conditions. Dorothy Fats Beck assisted by 

Mary Frost Jessup. 307 pp. Illus. 2nd ed. 

1943. American College of Dentists. 

Despite the title of this hook, it is not 
merely a compilation of statistical data. 
Under the auspices of the Socio-Economics 
Committee of the American College of Den¬ 
tists and as a doctoral thesis, the author re¬ 
viewed the social setting of health services 
and time and cost studies, made a detailed 
survey of the time and cost of dental care for 
a special group, and summarized her findings 
and their implications. It is interesting to 
note that the delay between completion of 
the work (Dec. 1941) and approval for pub¬ 
lication (Jan. 1943) has not dulled the im¬ 
port of even the review portion, and that the 
major changes which would have rendered 
the study obsolete, “ application of scientific 
advances that would reduce greatly the in¬ 
cidence of dental caries or alter substantially 
current methods of practice/ 7 have not come 
to pass. Compulsory health insurance was 
considered seriously by legislators even be¬ 
fore 1920. Many suggested plans include 
dental care, yet acceptable statistics on cost 
of dental maintenance care for adults have 
been, at best, shrewd guesses and those for 
cost of initial care usually estimates based on 
disease prevalence data. 

The present material was secured from 
study of the records of 485 clients of Dental 
Health Service, Inc., of New York City. 
These individuals were adults, had attended 
the nonprofit clinic for 4 or 5 out of 5 con¬ 
secutive years, and had followed the advice 
of the staff to secure adequate dental care. 
The qualified group (selected from 21,681 
patients served) included 67% females, rep¬ 
resented a younger group than a cross sec¬ 
tion of the population, and was heavy on 
low-income professional and clerical workers. 
However, its needs approximated that of the 
general population and its D.M.F. (an index 
of the tooth destruction from disease) was 
comparable with available figures. At the 
clinic the cost of initial care averaged $52.66 
per person and would have cost $68.34 at 
low, urban private fees. Average mainte¬ 


nance cost was $10.05 per person per year at 
clinic fees ($12.62 at low, urban private 
fees). The initial care took 8.5 hours of 
chair time, with 2.4 hours per year to main¬ 
tain dental health. In general, older indi¬ 
viduals required more initial care. Details 
and comparisons are given both in profuse 
thesis style and in more palatable forms. 
The author of this study pointed out that it 
emphasized the oral health values of medical 
care, economy of regular dental care, the fu¬ 
ture of the population to secure adequate 
maintenance care, factors affecting dental 
needs (age, economic status, etc.), and the 
need for adjustment of fee policies. For 
instance, it was found that, on the basis of 
usual fee scales, dentists reduce their own 
hourly earnings by encouraging oral health 
because the procedures used on maintenance 
care are relatively too low in fee range com¬ 
pared with replacement (denture) fees. The 
implications in regard to dental personnel 
involve astronomical calculations which lead 
to the conclusion that if all the dentists in 
the United States in 1938 had devoted them¬ 
selves exclusively to initial care, they would 
have completed dental care for only 20,- 
000,000 adults (be sure to correct the typo¬ 
graphical error of 2,000,000 on p. 253 of your 
copy). With the number of graduating 
dentists decreasing annually (except for the 
A.S.T.P. spurt) and even without consider¬ 
ing that a huge percentage of dentists are 
now in the armed services, the futility of a 
nation-wide compulsory dental health pro¬ 
gram is evident. The costs for initial care 
of our 27 million “dentally indigent adults 77 
would be over a billion dollars and their 
maintenance costs over 300 million dollars 
per year. 

The solution of the problem obviously is 
not just compulsory dental health insurance 
and free care for the “dentally indigent/ 7 
but lies primarily in prevention or control. 
This reviewer cannot be so gloomy about 
prospects of caries control as is the author. 
The author discusses economical ways of pro¬ 
viding care, limitation of services, methods 
of payment, and combination of methods. 
The fact must remain, from the viewpoint of 
the oral pathologist, that the dental care 
157 
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problem is one 'which requires solving a prob¬ 
lem of disease or diseases. The socioecon¬ 
omist will not eliminate the need for care 
but may do an excellent job in suggesting 
methods of caring for dental diseases while 
science plods slowly toward its goal of dis¬ 
covering causes and preventives. Although 
there is much laborious statistical material 
in this volume, its reading is recommended 
for dental practitioners who are aware of 
their social responsibilities and desire to do 
something about those responsibilities, and 
for those for whom the report is designed: 
(1) leaders of the health professions and of 
the public who will develop health plans; (2) 
those of the rank and file who must evaluate 
these plans and, (3) private practitioners 
who need to interpret the value of mainte¬ 
nance care to their patients. Few should 
plan a cover-to-eover trip and none an eve¬ 
ning of light entertainment.— Hamilton B. 
G. Robinson. 

ELECTRONICS FOR LAYMEN 

Electronics: Today and Tomorrow. John Mills. 178 
pp. 1944. $2.25. L. Yan Nostrand Co., New 

York. 

Prof. J. B. S. Haldane once remarked 
that “the ordinary man must know some¬ 
thing about various branches of science, for 
the same reason that the astronomer, even if 
his eyes are fixed on higher things, must 
know about boots. The reason is that these 
matters affect his daily life. 5 ’ One will 
readily agree that he has sufficient reason for 
knowing something about science, but the 
average man’s anomalous attitude toward 
science is a thing to marvel at. He is willing 
to tolerate the scientist as an ivory-towered 
“screw-ball” or a “high-brow” professor; he 
even consents to his helping win the war; at 
pure science he simply shakes his head. But 
let the man of science produce one of the 
wonder gadgets that affect his daily life 
(usually the by-product of many years of re¬ 
search and laboratory drudgery) and the 
average man accepts it, with a sublime 
pragmatic faith, and murmurs— 

I know not Row my radio 
Gathers its waves from air; 

Indeed, not only don’t I know, 

But neither do I care. 

Mr. Mills has written this book on electron¬ 


ics for the “intelligent layman” in another 
effort to penetrate his indifference and to 
satisfy his real or imagined curiosity. The 
author believes that there may possibly be a 
number of such laymen who may want to 
know just how an electric eye works, how 
roadside signals are produced on the panels 
inside the cabs of locomotives, what fre¬ 
quency modulation is all about, how artificial 
fever is produced, how television really 
works, what electron microscopes are good 
for, or even the answer to so simple (?) a 
question as: What is an electron? These 
matters represent the marvels in electronics 
that we have all accepted and are beginning 
to take for granted, and there are many more 
on the way. Because of the war some of 
them cannot now be publicly divulged. 
“Electronic devices,” says Mr. Mills, “are 
today of vital importance in every form and 
theatre of warfare; and their peacetime ap¬ 
plications, following the war, promise to ex¬ 
ceed those that preceded in variety and in 
social and economic consequences.” As an 
example, consider a B-29 superfortress, 
which is said to have enough electronic 
equipment aboard to astonish the electrical 
engineers themselves. 

In simple and in as nontechnical language 
as practicable Mr. Mills proceeds to expound 
the science of electronics, pure and applied. 
Following an introductory chapter on the 
nature of electrons in general, his discussion 
resolves into two parts: (1) Electron Tubes, 
and (2) Electronic Devices. Under the first 
heading he discusses hot cathodes, diodes and 
rectifiers, De Forest’s audion, the vacuum 
tube, tetrodes and pentodes, oscillators, elec¬ 
tricity from light, and gas-filled tubes. 
Among the electronic devices described are 
electron guns and television, electron optics 
and photography, ultrahigh-frequency gen¬ 
erators, and cyclotrons. Radar is not 
included. 

Whether the author has succeeded in his 
job of popularization will, naturally, depend 
on the reader and on how deep his desire is 
to understand. Even in their simplified 
form electronics are not too easy going, and 
even an intelligent layman reading the book, 
unless he has been grounded in more modern 
physics than I think he has, will find himself 
suddenly waking up and wondering where 
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he is. The value of the book is not that it 
makes all the principles and details of elec¬ 
tronics crystal-clear to the most opaque in¬ 
telligence, which of course it doesn’t, but 
rather that in toto it leaves the reader with 
a good feeling that he is at least on the way 
to understanding. He feels that although 
his increase of knowledge may not be quanti¬ 
tatively great—scarcely enough perhaps to 
enable him (quoting from the jacket) “to 
discuss a cathode ray tube on the 5:19 for 
Squeedunk”—it is great in its implications, 
in opening to him new vistas of knowledge, 
in giving him a new appreciation and con¬ 
cern for some of the modern miracles of sci¬ 
ence. Speaking for one layman, I do not 
pretend to follow everything that Mr. Mills 
has so patiently expounded, but I have bene¬ 
fited from reading his book and think he has 
done a most praiseworthy piece of writing. 
There is the danger, however, that it will 
find its greatest audience among the au 
courant in electronics, rather than among 
that teeming multitude of “intelligent lay¬ 
men,” who have often impressed me as being 
somewhat like the horse that ran smack into 
the side of a barn. “He ain’t blind,” said 
the indignant owner. “He just don’t give 
a damn.”— Paul H. Oeiiser. 

HEAT VS. HUMIDITY 

Climate and the Energy of Nations. S. F. Markham. 

236 pp. Illus. 1944. $3.50. Oxford University 

Press. 

Major Markham informs the reader that 
he has set out in this book to determine 
“whether or not climate and climate controls 
influence civilization,” but the reader will 
not find a great deal of evidence presented 
in behalf of the negative side. Hence the 
book is pretty much an argument after the 
fact, and such an important influence on the 
decline of civilizations as the exhaustion of 
natural resources is somewhat brusquely 
treated. Declaring flatly that “of all the 
factors that may assist or retard the develop¬ 
ment of a nation the most permanent . . . 
is climate,” the author proceeds to analyze 
the optimum climatic conditions for man and 
then to examine civilizations of the past and 
present to see how they conform. As might 
be expected from such a method, he finds a 
high correlation. This is hardly an original 


discovery, and the theory that climate is the 
prime mover of civilization had been ad¬ 
vanced by others, including Ellsworth Hunt¬ 
ington in this country. All this the author 
freely acknowledges. 

What makes the book interesting reading, 
however, is the idea that it is time we did 
something about the weather. Major Mark¬ 
ham sees in air conditioning, which he prefers 
to consider as a type of “climate control,” 
the most important development of modern 
civilization. From his final pages, which are 
somewhat rhetorical, one must conclude that 
his vision of the future is one in which the 
nations of the v 7 orld, united in common zeal 
for spiritual and material progress under the 
benign influence of air conditioning, will be¬ 
come centers of enlightenment: 

In short, whilst optimum climatic conditions and 
controls produce men of the greatest energy, the final 
direction of that energy, be it for good or ill, is deter¬ 
mined by inner thoughts, fears or hopes expressed 
through the ballot box or bullet, through treaty or 
terror, according to the spiritual values of the age. 
Is it too much to hope that, when all men can enjoy 
the serenity of ideal indoor conditions, the thirst for 
mortal power will give plaee to the thirst for mental 
poise, and to the lust for light ? 

This reviewer is afraid so; the weather, as 
any theologian will tell us, cannot be con¬ 
sidered the prime cause of human depravity, 
and the sumptuous “climate control” of 
Berchtesgaden does not seem to have im¬ 
proved the temper of its occupants.— Joel 
W. Hedgpeth. 

BEEBE’S NATURALISTS 

The Boole of Naturalists. Edited by William Beebe. 

499 pp. 1944. $3.50. A. A. Knopf, New York. 

It is always with a thrill of pleasurable 
prelibation that we look over a new book by 
Dr. Beebe, nor have we been disappointed 
in the present volume of nearly five hundred 
pages. Dr. Beebe has just returned from an¬ 
other of his famous expeditions, bringing 
with him this time, not objects from nature, 
but the naturalists themselves who have writ¬ 
ten of them. His book consists of selections 
from the records of representative natural¬ 
ists, beginning with an Unknown Gave Man 
of Europe, who painted on cave walls about 
25,041 b.c., and ending with Rachel L. Car- 
son who wrote in a book in a.d. 1941. 

The book is no mere assemblage of well- 
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known and hackneyed quotations from the 
“standard writers/’ but a collection of new, 
fresh, fascinating accounts of all sorts and 
conditions of creatures, some by the old fa¬ 
miliar naturalists and some by later less fa¬ 
miliar ones. Dr. Beebe, acting as a sort of 
toastmaster-through-the-ages, has in his book 
called upon forty-five naturalists of his own 
selection to tell us a good natural history 
story, and they have all responded. As ex¬ 
amples: Aristotle tells us of fishing-frogs, 
cuckoos, and other things; The Abbott Thoe- 
baldus of Monte Cassino tells us of whales; 
Gilbert White tells us of birds, bats, and a 
tortoise; Thoreau tells of a certain pond; 
Agassiz, of an expedition; Digby, of mam¬ 
moths in the flesh; Heard, of half-men; 
Chapman, of the big Almedo tree; Peattie, 
of seeds and their sleep; Klingel defends the 
octopuses; and Carson brings up the rear 
with an excellent account of the odyssey of 
the eel. To all these bits of fine writing Dr. 
Beebe has added two introductory surveys 
of his own, as well as short biographical 
notices of each author, thereby taking his 
place in the book, as is most justly due, in 
the long assemblage of notable naturalists. 
The result is not only a book full of delight¬ 
ful nature reading, but a book full of the 
record of the development of man’s knowl¬ 
edge of nature throughout the ages. 

Dr. William Beebe, well-known naturalist, 
explorer, leader of expeditions, writer, and 
lecturer, holds honorary degrees from sev¬ 
eral colleges, and is also Elliott, and John 
Burroughs medalist. He has been Curator 
of Birds of the New York Zoological Park, 
and is now the Director of the Department 
of Tropical Research of the New York 
Zoological Society and the founder of that 
Society’s Zoological Station of British Gui¬ 
ana. His expeditions have taken him to 
Mexico, China, India, Borneo, the East In¬ 
dies, the Sargasso Sea, the Galapagos Is¬ 
lands, and to the depths of the ocean in his 
celebrated bathysphere. His current inves¬ 
tigations are being carried on, not in the 
ocean, but in the jungles of Venezuela. He 
is the author of a multitude of scientific 
papers and monographs, and of twenty 
books.— Leon Augustus Hausman. 


OURSELVES UNBORN 
Ourselves Unborn . George W. Corner. 188 pp. 

Illus. 1944. $3.00. Yale University Press, Now 

Haven, Conn. 

There is at the present time an urgent 
pressure to state scientific facts and deduc¬ 
tions in a language comprehensible to the 
layman. Dr. Corner gives us a vigorous 
resume of modern embryology and its sig¬ 
nificance. tie states that the book does not 
presume any biological knowledge on the 
part of the reader. This reviewer believes 
that steady readers of The Scientific 
Monthly could understand it, medical stu¬ 
dents would see more in it (most textbooks 
of embryology shoot over their heads), but 
the layman would “come out by the same 
door wherein he went. ’ ’ The book is highly 
recommended to the intelligent public. 

Since this is one of the Dwight Harrington 
Terry lecture series at Yale University, it is 
concerned with the place of embryological 
concepts in organized religion. Here the 
author follows the injunction, “Seek and ye 
shall find.” Illuminating examples illus¬ 
trate some modern medico-religious institu¬ 
tional practices very little beyond the early 
middle ages. It is too much to hope that 
this book will in any way influence them. 

The data of human development are ac¬ 
curately and briefly sketched as a back¬ 
ground to two main arguments. The first 
assesses the value of embryology in support¬ 
ing theories of human descent. The second 
analyzes the cause of normal succession of 
embryonic events and of abnormal devia¬ 
tions. The arguments are developed his¬ 
torically and culminate in observations made 
at first hand by the author. The great sup¬ 
port given to genetic factors as causes of 
early death and malformation is in line with 
recent medical genetics. Passage of ma¬ 
terials across the placental barrier in rela¬ 
tion to the age of the placenta needs much 
study. Here it is briefly discussed. 

The vast collections of the Department of 
Embryology of the Carnegie Institution are 
drawn upon freely, and the illustrations are 
of corresponding excellence. The book has 
a good bibliography and an index.— John G. 
Sinclair. 
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The Golden Eggs 

The excellent article by Dr. Paul D. Lamson on 
biotrepy in The Scientific Monthly, September 
1944, presents a very convincing example for the fact 
that in contrast to Shakespeare’s much quoted scep¬ 
tical answer to the question “What’s in a name,” 
there may be very much in a name. In the case of 
f £ biotrepy, ” there may be in the new name the be¬ 
ginning of a new medico-scientific orientation. 

It was partly the confusion of names and concepts 
which caused Dr. Lamson to coin a new name for the 
new approach, suggested by him, to the problem of 
the reactions of the human body to drugs. It is, 
therefore, this very common confusion which he pic¬ 
tures in calling pharmacology “an old synonym for 
pharmacy ’ ’ and in stating that pharmacology 1 ( after 
all is pharmacy, even in name” and that “giving 
pharmacy the name { pharmacology ’ did not change 
matters. ’ ’ 

As I learned in a private communication from Dr. 
Lamson, he based his statements on an article by 
Dr. Abel setting forth that “the vague and often 
erroneous use of the word pharmacology seen in 
earlier writings, as in the definition ... of Samuel 
Johnson (1755), £ an equivalent of pharmacy or 
pharmaceutics,’ is still frequently met with in our 
time. ’ ’ 

Since Abel very definitely and rightly calls the 
synonymous use of the words (and concepts) phar¬ 
macy and pharmacology “erroneous,” the scientific 
world as represented by the readers of this journal 
has a right to ask for the correct definition of the 
term pharmacology and of the part of pharmacy and 
medicine in the development concerned. 

The old discipline called “ materia medica” 
scarcely requires a definition. It comprehended all 
knowledge on drugs and their therapeutical use until 
the beginning of modern science, and its classic for 
more than 1500 years was Dioscorides’ De Materia 
Medica written in the first century a.d. As long as 
Galen’s classification of drugs in connection with 
his special brand of humoral pathology dominated 
official therapy, there was no need for another ap¬ 
proach to the problem of the selection and the 
therapeutical use of drugs. 

It was at the end of the seventeenth century that 
the development of iatrochemistry on the one hand 
and the new era of physiological investigation on 
the other had resulted in such an obvious change of 
therapeutical approach that it found recognition in 
the title of a treatise published in 1693, the apothe¬ 
cary-physician Samuel Dale’s Pharmacologia seu 
Manuductio ad Materiam Medicam . What Dale 
understood by “ pharmacologia he expressed as 
follows: “est pharmacologia descriptio rerum medi- 


camentalium ad bene medicamendum .” The “bene 
medicamendum,” the -best possible employment of 
drugs or, to put it in another way, a rational therapy, 
was finally emphasized as the goal of the science of 
medicine, the knowledge of drugs being only one of 
the means of achieving this goal. 

The term pharmacologia as such or in its vernacu¬ 
lar modifications (pharmacology, Pharmakologie, 
farmacologia, etc.) became gradually the title of 
choice for treatises devoted to the action of drugs 
rather than to the description of their physical ap¬ 
pearance, etc. In the time of transition about 1800, 
it was F. A. C. Gren’s Eandbuch der Pharmakologie 
odcr die Lehre von den Arsneimitteln (manual of 
pharmacology or the science of drugs) which ex¬ 
erted a fargoing influence. It is of interest that, 
like Dale, Gren too was an apothecary-physician; 
that is, he had studied and practised pharmacy as 
well as medicine. Rudolf Buchheim’s .classical work 
brought general esteem to the new endeavor as well 
as to the new term. However, Buchheim did not 
create the one or the other. 

Since, after all, the effect of the drugs is the part 
of essential interest to medicine, the term pharma¬ 
cology (from pharmacon = drug and logos = the sense 
or essential) has been quite a significant designation 
of a science which was to develop from the outside 
of the matter concerned to its inside, from the de¬ 
scription of the factual or accidental to the finding 
and interpretation of the essential. Nevertheless, it 
is doubtful whether the new term would have achieved 
its generally recognized place and special meaning in 
Germany first and gradually all over the world, had 
it not have been for the fact that just at the decisive 
time (in the early nineteenth eentury) pharmacy took 
over the descriptive part of the “materia medica” 
of old, now more or less neglected by modern medi¬ 
cal research and teaching, and developed it into a 
science working with modern means on the systematic 
identification of drugs and their botanical, physical, 
and chemical classification. 

The French pharmacist N. J. B. G. Guibourt is 
credited with having definitely established this new 
branch of science in his Eistoire naturelle des drogues 
simples (1820). It was, however, in Germany that 
a new and distinguishing name was coined for the new 
science. As far as we know, this name, pharmacog¬ 
nosy ( Pharmakognosie ) appeared for the first time 
in the title of a doctoral thesis submitted at Halle 
in 1815 by a student of medicine, C. A. Seydler. In 
1838 Walther published Pharmakognostisch-phar- 
makologische Tabellen , already contrasting the terms 
and what they stand for. Derived from pharmacon = 
drug and gnosis = a knowing, the new name phar¬ 
macognosy placed the science of knowing the drugs 
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as suck properly besides pharmacology, the science 
of inquiring into the essential meaning of the drugs 
— their effects. 

Although early and generally accepted in Germany 
and the countries under German cultural influence, 
it took a long time until the term pharmacognosia 
(pharmacognosy, Pharmakognosie, pharmacognosie, 
farmacognosia ) found worldwide recognition. In 
Prance it was not until the early twentieth century 
(1907 by Perrot), and in England it was noticed 
rather than recognized until 1933 when H. G. Green¬ 
ish changed the title of his renowned Textbook of 
Materia Medica to Textbook of Pharmacognosy. 
Into the United States the term pharmacognosy was 
introduced by Fr. B. Power’s translation of P. A. 
Fliickiger and A, Tschirch’s Grundlagen der Pham 
makognosie (Berlin 1885) which was published in 
1887 at New York under the title The Principles of 
Pharmacognosy. 

Alexander Tschirch defined the term pharmacog¬ 
nosy in his Handbuch der Pharmakognosie (ed. 2, 
1930) as follows: “By the name pharmacognosy we 
understand the science whose task it is to scientifi¬ 
cally investigate, correctly to describe, and to syste¬ 
matize according to general points of view the drugs 
of vegetable and animal origin with the exception of 
the physiological effect. . . . The final task of phar¬ 
macognosy will be to group the drugs according to 
their contents . . . and to come gradually to a phar- 
maco-chemieal system of drugs that serves as a lead 
to pharmacology. 77 

The founder of the most modern school of phar¬ 
macognosy, the Viennese pharmacist-physician Kicli- 
ard Wasicky, has come to a still closer contact with 
pharmacology by making the action of drugs the 
basis of his scheme of drug systematization. He 
illustrates his idea of the interdependence of the 
science of the effect of drugs and the science of the 
qualities of drugs by the following scheme: 

Pharmacology = Science of drugs. 

I. Pharmacodynamics = Science of the effect 
of drugs. 

II. Pharmacognosy = Science of the chemical 
and physical qualities of drugs. 

1. Physiopharmacognosy - Science of the 
drugs still closer to nature; that is, 
drugs of vegetable or animal origin. 

2. Pharmaceutical chemistry = Science of 
the drugs representing chemical indi¬ 
viduals. 

"Whatever else may be concluded from the develop¬ 
ment described above, it has become clear beyond 
dispute that the term “ pharmacology, * 3 ins tead of 
being ‘ ‘ an old synonym for pharmacy 7 7 was created 
and gradually accepted in order to differentiate be¬ 
tween the developing medical science, based on physi¬ 
ology and devoted to the action of drugs, and a phar¬ 
maceutical science, based on chemistry and botany 


and devoted to tho knowledge of drugs, for which 
the designation 11 pharmacognosy 7 7 was created and 
gradually recognized. 

If we accept tho scheme (and concept) of Wasicky, 
it would be c 1 pharmacodynamics 7 7 which would have 
to be replaced by the new medical, or mcdicobiologi- 
cal, science of “ biotrepy. 7 ? — George Urdang, Direc¬ 
tor, American Institute of the History of Pharmacy, 
Madison, Wis. 

The name of one of the early German writers 
on Pharmahologie is spelled Buchheim, as above; 
not Bueheim, as in the article on biotrepy, —Ed. 

On Meeting the Authors 

As one of the newer subscribers to The Scientific 
Monthly I want to tell you how much I have enjoyed 
the magazine and how much I regret not having re¬ 
ceived it regularly before. It is interesting, instruc¬ 
tive, and particularly valuable to a physician as a 
means of broadening his outlook and keeping him 
informed about advances in other fields. 

As Directing Librarian of The Cleveland Medical 
Library I cannot help discussing one feature of your 
magazine that I do not like. I refer to your policy 
of placing biographical sketches, titled “Meet the 
Authors , 77 in the section devoted to advertising. In 
this position the material is usually discarded when 
the journals are bound. In its final form, therefore, 
tho magazine gives no indication as to tho identity, 
connections, experience or training of authors aside 
from the bare name. This I consider unfortunate 
because tho magazine has permanent value, and I am 
sorry to see such important material discarded. 

Two methods of correction occur to me: I would 
prefer that the biographical material bo included as 
a footnote on the first page of the article. This in¬ 
terferes somewhat with the appearance of tho first 
page, but I believe it is justified. If you prefer, it 
might be just as satisfactory to place this material 
at the end of the article. Borne magazines, particu¬ 
larly the Bulletin of the Medical Library Association , 
contain biographical material in the body of the 
magazine as a regular department. This is satis¬ 
factory in the bound volumes but has the disadvan¬ 
tage that the biographical material is not available in 
reprints. 

In connection with this problem the following com¬ 
parisons are interesting. The autumn number of The 
American Scholar contains 20 biographical sketches. 
They range in length from 12 to 60 words, each aver¬ 
aging about 38, and are carried as footnotes on the 
first page of the article. The October number of the 
Bulletin of the Medical Library Association carried 
9 biographical sketches, ranging in length from 26 to 
110 and averaging 55 words each. These are carried 
as a regular feature of the magazine in a separate 
section. The November number of The Scientific 
Monthly carried 9 biographical sketches, averaging 



COMMENTS AND CRITICISMS 


163 


143 words and ranging in length from 26 to 413. 
Dismissing three, which were short because they had 
been given in full previously, leaves 6 sketches aver¬ 
aging 200 words each. It is obvious that The Scien¬ 
tific Monthly carries longer biographical sketches, 
which I like very much. I do wish they could be so 
placed that they would not be discarded on binding, 
and I prefer to have them as part of the reprints. 

I feel certain that the feature of which I complain 
is not disturbing to many of your readers, but I do 
believe that it detracts somewhat from the value of 
the magazine in its final form. Despite this criti¬ 
cism, I congratulate you on the excellence of the 
journal and reassure you that I enjoy it very much.— 
ROBEET M. STECHER, M.D. 

In a few instances Dr. Stecher’s second sugges¬ 
tion has already been carried out, as for example 
on page 179 of the September 1944, issue. It 
cannot be done consistently, however, because 
half-tone engravings of the authors’ photographs 
would not reproduce well on the antique paper of 
which most of the Monthly is composed. Until 
more coated paper can be obtained, it will be 
necessary to continue the present practice, and it 
is hoped that those who bind the Monthly can bind 
all of it. —Ed. 


Multiple Hypotheses 

Last night I read Dr. T. G. Chamberlin ’a wonder¬ 
ful article on “The Method of Multiple Working 
Hypotheses, ’ 7 in the November number. This after¬ 
noon (Sunday) I took up my Greek Testament, but 
instead of reading a bit of the text I decided to read 
the essay 1 of Westcott and Hort on methods of 
textual criticism. Very soon I was struck by the 
similarity of their scientific attitude and method in 
biblical criticism to those so urgently emphasized by 
Professor Chamberlin in geology. 

I call your attention to this because it is really re¬ 
markable how fundamentally alike the two articles 
are, though in different terminologies. Westcott and 
Hort dealt with a mass of ancient manuscripts, frag¬ 
mentary or complete, of mixed and multiple ancestry 
repeatedly fusing and differently separating, forming 
as complex and involved a field of study as the geo¬ 
logical examples. eited by Chamberlin. They insist 
on the same rigorous scrutiny of the facts, guided by 
multiple hypotheses, re-examined in the light of the 
suggested relationships, new facts recognized in 
sequence and hypotheses confirmed or rejected or new 
ones formed. There is the same warning against a 
favored or attractive hypothesis: 4 “It is dangerous to 
fix the mind ... on any kind of internal probability: 
the bias thus inevitably acquired can hardly fail to 


1 In the appendix (pp. 543-46 and 559-61) of The 
New Testament in the Original Greek. Text revised by 
Brooke Foss Westcott and Fenton John Anthony Hort, 
Harper and Brothers, New York, 1893. 


mislead. . . . Criticism . . . involves not a single but 
a threefold process: tentative examination ..., ex¬ 
amination ... by means of the materials thus col¬ 
lected, and final decision. ... It thus makes all vari¬ 
ations contribute to the interpretation of each . } ’ 

Westcott and Hort study the genealogy of docu¬ 
ments to determine degrees of authority. They con¬ 
sider the classes of textual evidence and the kinds 
of probability in conflicting readings. They insist 
on complete, impartial, objective investigation as 
precedent to final interpretation, but they canvass the 
field for every possible explanation of the facts in 
evidence. They make new studies as new facts or 
theories suggest them, and when a well-supported 
hypothesis appears to have been made untenable, a 
new study may confirm or reject it. 

They show the same impartial, observant, compre¬ 
hensive, cautious scientific attitude of mind as Dr. 
Chamberlin, the same rigorous self-discipline, the 
same precision of language and statement. But only 
a reading of their essay can make one realize the 
beautiful perfection of their scientific attainments. 
Perhaps they never thought of themselves as scien¬ 
tists but certainly today they would be so regarded.— 
Paul B. Johnson. 

Additional Medalists 

Referring to my article “National Academy of 
Sciences Medal Awards,’’ Dr. William K. Gregory 
calls attention to the absence of the following names 
in the list of recipients of the Daniel Giraud Elliot 
Medal: 

George Howard Parker, 1937 
Malcolm Robert Irwin, 1938 
John Howard Northrop, 1939 
William Berryman Scott, 1940 

The presentation of the last three was not com¬ 
pleted until after the article was practically through 
the press. 

The manuscript closed with the end of the calendar 
year 1943. All four of the presentations were made 
in 1944 including that to Dr. Parker. 

In the case of the Elliot Medal the date following 
the name is that of the publication of the work for 
which the award is made and is not that of the award 
or presentation. This was explained in the first para¬ 
graph of the article.— Paul Brockett. 

Ajax 

On page 54 of the January issue appeared a 
poetic tribute by John G. Sinclair to A. J. (Ajax) 
Carlson, who “stands foursquare to foes of truth 
as leader or alone.” Dr. Sinclair’s sonnet was 
purposely placed after the article by Anne Roe 
on “Alcohol Education in the Schools” because 
Dr. Carlson is a leader in national study and 
action on the problems of alcoholism. He sug¬ 
gested that we publish Dr. Roe’s article. —Ed. 
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THE BROWNSTONE TOWER 

Although the editor 
has not made a thor¬ 
ough study of the his¬ 
tory of The Scientific 
Monthly (SM) and its 
predecessor, The Popu¬ 
lar Science Monthly 
(PSM), he has learned 
enough to explain the 
origin of recent policies 
of the SM. 

The PSM was established in 1872 by J. W. 
Youmans, who saw the need for a periodical that 
would bring to the educated public authoritative 
information on, and interpretation of, the prog¬ 
ress of science. Mr. Youmans hoped that even 
high school graduates would become interested in 
his magazine and would broaden their education 
by reading it. Because there were no profes¬ 
sional science writers in those days, Mr. You¬ 
mans had to get his principal articles from sci¬ 
entists themselves. Whether it was by design or 
by necessity, he began and maintained his maga¬ 
zine on a high plane. No doubt his hopes for its 
popularity were never realized, for it was a finan¬ 
cial liability to his publishers. 

In 1900 Dr. J. McKeen Cattell took over the 
PSM and continued the policies of the founder. 
In the first issue edited by him he wrote: “In the 
future, as in the past, The Popular Science 
Monthly will afford an accurate and authoritative 
record of the progress of contemporary science, 
and besides being indispensable to the profes¬ 
sional investigator, it will seek to secure that 
popular interest and support which are of essen¬ 
tial importance to the course of scientific prog¬ 
ress.” Under his editorship and business man¬ 
agement the PSM grew stronger, probably not 
because of greater “popular interest and support” 
but because science was rapidly becoming more 
diversified and specialized and increasing num¬ 
bers of professional scientists wanted his maga¬ 
zine in order to keep abreast of developments in 
fields other than their own. As time went on Dr. 
Cattell sensed the rising tide of public curiosity 
about science—curiosity that he could not satisfy 
without changing the character of the PSM. 
More and more manuscripts that were not in 
character had to be rejected, and Dr. Cattell came 
to the conclusion that the word “Popular” in the 
title of his magazine was a misnomer. Conse¬ 


quently in 1915 he changed the name of his maga¬ 
zine to Tub Scientific Monthly and disposed 
of the old name to publishers who ever since have 
produced a truly popular magazine, appealing to 
people who are interested in applied science. 

In the masthead of the first issue of the SM, 
Dr. Cattell announced that he would publish 
“articles appealing especially to educated readers 
as opposed to purely popular matter appealing 
to the public generally,” and so he did as long as 
he controlled the policies of the SM. 

Now the SM is published by the American Asso¬ 
ciation for the Advancement of Science and is 
edited by an employee of the Association. It is 
neither his desire nor his prerogative to impose 
his views on policy upon the SM. His policies 
are subject to modification by suggestions and 
criticisms from members of the Association who 
take the SM, which is their magazine, not the 
editor’s. It is only to stimulate criticism that the 
editor now states his present conception of the 
character and purpose of the SM and his vision 
of its future development. 

The history of the PSM-SM shows that its 
nature has not changed essentially during the sev¬ 
enty-three years of its life and that the very core 
of its unique and stable character lies in the fact 
that its articles have always, with few exceptions, 
been written by scientists. However the SM may 
change in content, the present editor believes that 
its articles should continue to be written by pro¬ 
fessional scientists, partly because the SM is the 
only American magazine devoted exclusively to 
providing an outlet for the literary talent of sci¬ 
entists of all kinds. The SM is, and, we hope, 
will remain, the literary magazine of science. 

The purpose of the SM has changed somewhat 
since it was founded as the PSM in 1872. The 
original intent to make it a truly popular maga¬ 
zine of science was never realized and it became 
primarily a magazine for scientists—to keep them 
informed of developments in fields of scientific 
thought and action outside of their own. But the 
original purpose of the PSM has never been given 
up entirely. The present masthead of the SM 
describes it as “An illustrated magazine broadly 
interpreting to the thoughtful public the progress 
of science and its relations to the problems con¬ 
fronting civilization.” This quotation expresses 
an intention and a hope rather than a fully ac¬ 
complished fact, but it is a worthy hope that the 
editor will strive to bring closer to reality.—E d. 
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THE TRANSPLANTATION OF DEMOCRACY 

By A. G. KELLER 


The shortening of geographical distance, 
along the airways, is something at which only 
the unimaginative have ceased to wonder. 
Impressionable souls, “reasoning from anal¬ 
ogy/ 7 have been lured to the instant and 
welcome conclusion that what they might call 
“spiritual distance 77 is shrinking along with 
the physical; that if you can, in the body, 
get next to someone who lives half-way 
around the world, there can be no trouble 
about a global meeting of minds and hearts. 
You can readily demonstrate to any of the 
benighted the superiority, for instance, of 
democracy. 

Analogical “reasoning 77 is an ancient and 
very effective device, but of a nature solely 
expository. A superb instrument, as in the 
parable of Scripture or the Lincolnian story, 
it can neither discover nor verify truth. In 
fact, it represents the very antithesis of the 
scientific process; for, while science seeks all 
the pertinent evidence, unselected, “reason¬ 
ing from analogy 77 fixes upon the single case, 
selected as the most graphically compelling 
toward some conclusion already arrived at, 
often by hunch, revelation, or wish. So the 
cautious thinker always sees in the analogy 
a kind of red light and slows up to take 
another look. 

The shortening of cultural distance allows 
of the meeting of minds, resulting in a 
chance for the “cross-fertilisation of cul¬ 
ture. 77 This cannot take place without a 
preceding shrinkage of geographical distance 
but does not necessarily tread right upon its 
heels. Cultural enlightenment does not ar¬ 
rive at the mere establishment of contact, as 
in pressing a button; there must be a battery 
build-up and wiring. 1 Cultural nearness— 

1 This and other analogies as used by the author are 
considered by him to be fitting and proper. 


an approximation of folkways and traditions 
that does away with strangeness, misunder¬ 
standing, suspicion, and hostility—can be 
brought about only very gradually. That 
approximation has been going on for mil¬ 
lennia, but so slowly and unconsciously that 
its motion is scarcely perceptible except in 
the perspective of history. It has covered a 
modest stretch of road—an accomplishment 
upon which the world-uplifter looks with dis¬ 
dain, if, indeed, he catches sight of it at all. 

To him any such natural movement or 
growth is small potatoes and few in a hill ; 
but no matter how minute or sparse, natural 
products are prone to be sound and sturdy, 
as proved by their survival without assis¬ 
tance over ages of selection; and they are not 
so little, either, in comparison with the mi¬ 
croscopic germs that they once were. As 
natural growths, they have set ways of their 
own; but they are nonetheless capable of an 
indefinite improvement under patient ob¬ 
servation and toilsome cultivation, provided 
the husbandman knows and allows for those 
set ways, being well aware that a potato-field 
cannot be metamorphosed into an orange- 
grove even by repeated prostrations before 
some fetish perched in a fence-corner. 

Any item of culture—-type of industrial 
organization, form of property, variety of 
religion, of family-conformation, even of 
pastime—is of the order of the earth-rooted 
plant or tree rather than of manna, air-borne 
from aloft. If it is desirable to improve on 
any one of them, the process by which it has 
become what it is had better be humbly 
looked into, instead of trying forthwith to 
drag it upward into the empyrean by attach¬ 
ing elastics to its top-shoots. And if it comes 
to the transplantation of one of these social 
growths from one area to another, which is 


i ap; 
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44 acculturation/’ it is the part of caution to 
consult soil-charts and weather-maps of the 
new region beforehand. 

There is a certain base-line of similarity 
favorable to mutual understanding between 
any two cultures, a nearness, up to a point, 
that ought to be mentioned as a kind of take¬ 
off before coming to the recognition of cul¬ 
tural distance and the possibility of its re¬ 
duction, which is the central interest in hand. 
In culture certain elemental items are com¬ 
mon to all societies and therefore familiar 
enough not to look strange and repellent. 
They are the product of independent, 
parallel development, or parallelism. All 
human beings are essentially alike; all are 
under the necessity of adjustment to life- 
conditions, or environment; all environments 
at all habitable are essentially alike; there¬ 
fore, all social adjustments are bound to show 
a basic likeness, even when spatial distance 
vetoes borrowings, or acculturation, alto¬ 
gether. So that when the very simplest and 
elemental of cultural items come face to face, 
there is already a mutual understanding of 
them made possible by the absence of the 
obstacle of strangeness. 

By parallelism paleolithic and neolithic 
flints and their making are about the same 
over space and time. The material is about 
the same, and there are not many ways of 
working it. An American Indian arrow¬ 
head would be no mystery to an European 
cave-dweller of no matter how many millen¬ 
nia ago. The archeological product is more 
shapely, but any difference is one of degree, 
not kind. Each of the two flint-shapers 
would have known what the other was about 
and how. To that degree, at least, there 
would have been cultural nearness. 

More generally: of necessity every human 
society has had to develop basic ways of 
handling the food-quest • of attaching things 
to persons (property); of adjustment to the 
inexplicable (magic, religion); of keeping 
in-group peace (government) ; of defining 
the relations of the sexes (marriage). The 
fundamental sense beneath all these indis¬ 
pensable adjustments is the same in all places 
and times. 

Here is the “base-line.” As one gets away 
from its lowly level into the complication of 


culture-forms no longer of primary inten¬ 
tion, cultural distance, involving progressive 
incapacity of mutual understanding, is in the 
order of the day. No longer is the path short 
and smooth. To overcome increasing dis¬ 
tance, obstacles have to be removed; and the 
analogical incantation cannot budge them. 

To anticipate briefly: when a program of 
world-democratization is offered, what is pre¬ 
sented is a tremendous task of acculturation, 
of culture-transplantation on the highest 
levels, which are about as far above any base¬ 
line of mutual understanding as it is possible 
to get. One might about as well propose a 
kindergarten course in calculus. Evidently, 
as one works up toward any such ambitious 
program, he is going to need all the orienta¬ 
tion and perspective he can lay hand upon. 
He is bound to come out with what will look 
to some to be the obvious, to others, a perver¬ 
sion of the obvious; but there is actually a 
perspective here that cannot well be ignored. 

The topic in hand is, technically speaking, 
“acculturation”—the transmission or trans¬ 
plantation of culture, or civilization. And 
first to be surveyed is the natural, sponta¬ 
neous, unpremeditated, automatic process by 
which, through long, unnoticing generations, 
acculturation has actually been, accom¬ 
plished. If it is to be improved upon or 
hastened, it is well to know its character and 
history. Always to be borne in mind is the 
fact that nobody, during all these aeons, had 
any idea whatsoever of beatifying the whole 
world or of bringing together any alien ele¬ 
ments in it. No one had a “mission” or felt 
any sense of a “call.” There were no 
“world-citizens.” In fact, there was no idea 
of a “world,” single or multiple. Small and 
scattered communities had all they could do 
to take care of themselves, solely and alone. 

Nevertheless, items of culture were both 
given and received, as by-products of actions 
with no acculturative intent. Illustrations 
crowd forward. Here are a few samples: 

At the outset was wholesale distrust and 
suspicion of all that was strange, and of all 
strangers. The early meetings of local 
groups were violent, but even fighting to¬ 
gether led to a certain mutual acquaintance 
and familiarity. Yet it was in the effort to 



THE TRANSPLANTATION OF DEMOCRACY 


167 


avoid violence rather than in the practice of 
it that acculturation found its widening 
range. Plain alternatives to war or pallia¬ 
tives of it developed by even the most back¬ 
ward peoples form a lengthy series, every 
member of which made for acculturation. 
Recognized go-betweens, adoption and en¬ 
slavement of captives instead of slaughter 
or torture, truces, treaties, and alliances— 
all these adjustments alternative to violence 
approached steadily, if indirectly, toward 
cultural exchange. The most important of 
them was the exchange of goods, including 
women, for that meant the mutual incorpora¬ 
tion of both alien cultural products and also, 
through the presence of their producers, of 
new cultural processes. 

The most primitive of human societies— 
those nearest the “base-line’’—are pretty 
much alike, but not altogether. Group- 
specialization ensues upon differences in life- 
conditions, or environment, productive of 
somewhat differing adjustments. One group 
is located on the seashore, another in the 
mountains; one has natural deposits of flint, 
another of salt. Specialization attends upon 
specific unlikenesses springing out of generic 
similarity. Then it always calls for co¬ 
operation through exchange, and always gets 
it, whether or not men become aware of the 
automatic stresses in the case. The flint or 
salt is wanted by those who, not having them, 
come to know about them. Theft followed 
and, thereafter, trade. 

The immediate way to get a neighbor’s 
goods or women is by “division of wealth” 
through robbery—on a wider scale, through 
war for plunder. Then, by a series of varia¬ 
tions such as “silent barter” and “peaceful 
access,” following the general social trend 
toward peace, arrive commercium et con - 
nubium, the classic agencies of acculturation. 
The former is to be considered rather fully; 
the latter has been of far more significance 
in the past than now. Captured women were 
•retained as consorts long before they became 
wives of status, or before men were enslaved 
at all—for enslavement of males comes late 
in social evolution. But the transfer of 
women, whether wed or not, meant the trans¬ 
mission of culture, for the women carried 
with them the knowledge of alien processes, 


ideas, and adjustments in general. Ex¬ 
change of women was not planned for any 
such purpose, but such was the result. The 
same is so obvious in the case of exchange of 
products, leading to general acculturation, 
as to call for no more than casual mention at 
this point. 

The spanning of cultural distance, allow¬ 
ing of acculturation, has been largely by way 
of removing obstacles. Then the ballasting 
of a genuine road could proceed. There is a 
kind of comprehensive barrier to mutual 
understanding in the sentiment of “ethno- 
centrism,” which is group-egoism, or “nos- 
ism.” It is the perception of difference and 
strangeness personified. It fastens upon, 
proclaims, and exaggerates the unfamiliar. 
It appears in the guise of a settled conviction 
that “We” are superior to all the “Theys.” 
“We” are a chosen people, wise, fine, alto¬ 
gether right, while “They” are stupid, queer, 
perverse, contemptible, always under sus¬ 
picion. And, since “They” cherish the same 
sentiments toward “Us,” the ground is well 
prepared for hostility and misunderstanding. 

This in-group versus out-group attitude is 
far from defunct, or even much enfeebled, in 
the present day and generation. It still ex¬ 
ists as between races, nations, classes within 
the same society; in fact, it has been erected 
by a self-nominated Herrenvolk into a fanat¬ 
ical version of the Chosen People myth. It 
is to be stated at the outset that no amount 
of scientific evidence can even dent such a 
dogma, but only the weight of an accumula¬ 
tion of sad experience—perhaps solely actual 
ethnic dissolution—can effect complete dis¬ 
illusionment But it has been chiseled at by 
certain agencies of selective elimination. 

Ethnocentrism is somewhat vulnerable 
where immediate and conclusive verification 
on experience can get at it. That the white 
man’s steel axe is more effective than one of 
stone is conceded readily enough: one can try 
out both axes on a tree or an enemy’s skull 
and see. But one cannot similarly test po¬ 
lygamy as against monogamy, monarchy 
against democracy, one religion against an¬ 
other, with any hope of a decisive verdict, 
soon or ever. If driven out by realism from 
“lower and material” ranges, ethnocentrism 
can retreat into the fastnesses of philoso- 
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phies and “ideologies/ 7 there to dig in on 
an absolute front impregnable to any assault 
except the aforesaid irresistible and all¬ 
dissolving blast of protracted sad experience. 

Ethnocentrisin attaches to what is strange, 
to that which is not “Ours/ 7 especially if the 
difference advertises itself, as in the case of 
skin-color. It is proposed here to by-pass 
the whole controversy on the biological equal¬ 
ity or inequality of all races, a dispute which 
is, in any case, mainly based upon specula¬ 
tion, prophecy, wishfulness expressed in the 
future tense, and resting on “authorities 77 
rather than evidence. Further, to have taken 
one or the other position on the “race-ques¬ 
tion 77 is not at all a prerequisite to a study 
of acculturation. For it is the cultural, not 
the biological, barrier to mutual understand¬ 
ing that engages present attention; and there 
are plenty of these cultural antipathies for 
ethnocentrism to seize upon. 

The immediate obstacle to mutuality is 
language-difference. It has been circum¬ 
vented to some extent by what is called sign- 
language, which is nearer the “base-line 77 
than is speech, with no tenses, cases, moods, 
and other refinements; but gesture-communi¬ 
cation is off the main line and is rather a 
curiosity than anything else. Ethnocentrism 
has always fastened at once, and with gusto, 
upon unfamiliar speech. 

No more revealing caricature of the ethno¬ 
centric attitude has been drawn than Mark 
Twain's in Huckleberry Finn , the passage 
being an exchange between Huck and Afri¬ 
can Jim: 

11 Spose a man was to come to you and say Polly- 
voo-franzy—What would you think ? 5 ’ 

e( X wouldn’t think nuff’n; I’d take en bust him 
over de head. Hat is, if he warn’t white. I wouldn’t 
Tow no nigger to call me dat. ’ ’ 

Now it seems a small matter to get worked 
up to violence about, that in their conveying 
of ideas French and Italian and German 
mouths are exercised in sound-making some¬ 
what differently from ours; but the results 
have been subject to gibe, flout, and sneer 
as ee wee-wee, 77 “see-see, 77 “yah-yah. 77 “I’m 
never going to Cuba again/ 7 growls a busi¬ 
nessman. “You can't understand a damn 
thing they say. I bet money they were pick¬ 
ing us to pieces. 77 


The language-obstacle has always lain 
squarely and solidly across the cultural right 
of way. It has been got around by the hand- 
to-mouth manufacture of the lingua franca ? 
the oddest example of which is the “pidgin 77 
jargon of the Orient—one of the evidences 
of what trade (“pidgin 77 means “business 77 ) 
can do in short-cutting distance. Latin and 
French have evolved into linguae francae; 
English seems to be the best bet at present. 
The Morse Code, within its limits, has its 
points as an universal instrument, and the 
radio is exercising an increasing pressure 
toward a common medium. All these have 
developed along the line of natural, mainly 
commercial, growth, with no special planning 
about it. Planning has not been successful 
in language-making, any more than in uni¬ 
versalizing the highly logical metric system. 

If it seems silly to hold a stranger in con¬ 
tempt because he says “si 77 where we say 
“yes/ 7 “yis/ 7 “yeah/ 7 or “oke,” how about 
scorning him because he eats this or that kind 
of food, admittedly nutritious, that, for no 
reason whatever except that it is outlandish 
to us, we find repulsive? Yet ethnocentrism 
has focussed sharply upon diet-differences, 
and its epithets, all the way from “Raw-flesh- 
eater 77 to “Johnny Crapaud/ 7 convey a con¬ 
temptuous and overbearing intolerance. 

Strangeness of vesture has been visited by 
censure, reaching from moral reprobation 
to coarse ridicule. The white missionary is 
shocked to his fastidious marrow by the 
igloo-nudity of the Eskimo. But the shock 
is not one-sided—the native prime minister 
of Uganda reported to his sovereign on the 
nakedness of the London ballroom, to the 
effect that not in vain is the bait dangled 
in the sight of the fish. And the nonmilitant 
Greenlanders, hearing to their horror of 
European slaughters, once considered send¬ 
ing a couple of their angakoks as missionaries 
to convert the white man from his brutality. 

As for the “lighter 77 censure by ridicule, 
which is often heavier than any other kind, 
to make fun of others 7 ways smoothes no 
road to rapprochement. Ridicule is no vesti¬ 
bule to the inner temple of brotherhood. 
Furthermore, it is likely to be misplaced, so 
that those who have snickered at the comical 
ways, even of savages, have come to grin on 
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the other side of their faces when they have 
found compelling sense in them, so that adop¬ 
tion of them—say, in the matter of Arctic 
clothing or of Oriental tea-drinking—-is the 
only recourse of the superior white man if 
he wants to survive: to withstand the north¬ 
ern cold or to avoid the imbibing of a living 
menagerie instead of a boiled-up and tinc¬ 
tured germ-cemetery. 

Of course, ethnocentric intolerance is 
rooted in plain ignorance; and so is also the 
noble “ idealism ” of the lofty humanitarian, 
who knows nothing about what he proposes 
to eradicate or to reform by the laying on of 
hands, and overnight. What is needed by 
both types of ignoramus is insight; but 
that lovely offspring is begotten only of 
knowledge. 

The more obvious barriers to mutual un¬ 
derstanding and so to acculturation have 
been presented by a few samples out of 
myriads that could be assembled, and per¬ 
haps ought to be; for the common tendency 
is to skip lightly over the sharp, little, low- 
down facts that have a way of getting into 
the buskins of high-stepping theory, to crip¬ 
ple its showy gait. 

All the obstacles to cultural highway build¬ 
ing are customs, single and in blocks, some 
much more resistant than others, though all 
have an unanticipated inertia. Consider the 
Hindu who promptly trades a generous dona¬ 
tion of fresh millet for a handful of moldy 
rice. Italians want pane e pasta . To move 
the deepest seated of these blocks is like 
uprooting Iggdrasil. There is no fulcrum, 
either, for an Archimedes lever. 

The stubbornest block of custom is prob¬ 
ably religion. You can come to an under¬ 
standing about the utility of new materials 
and of novel mechanical processes, for they 
are nearer the base-line of what is mutually 
familiar in experience and tradition; and 
they are immediately verifiable. But when 
you come to testing the comparative excel¬ 
lences of doctrinal tenets—for instance, the 
infant-damnation dogma—there is available 
no touchstone whatsoever, but only a con¬ 
frontation of “authorities” and “interpreta¬ 
tions.” How can one “prove” anything 
about Nirvana or the Heaven-Hell concep¬ 
tion? Consider the homo-homoi-ousion 


squabble, which was, at that, only an intra¬ 
faith, not an interfaith, affair. Consider the 
vanishing results of all the strenuous effort 
to convert the Moslem to Christianity. 

The truth is that faiths cannot be tested, 
for their holders always contend that they 
are above all lowly, materialistic, scientific, 
comparative assessment. The stock method 
of “proving” the superiority of one faith 
to another was, for a long time, that of the 
duel—a knock on the sconce. The formula 
of the Spaniard in America was, after rat¬ 
tling off his credo to natives who did not 
understand a word of Spanish: “Believe 
that, or else!” Here is the very flower of the 
argumentum ad hominem . 

The transfer of even apparently minor 
details of religious practice, with no theory 
about them, has encountered unexpected 
snags. For one example, take the Biblical 
injunction about leaving all others and cleav¬ 
ing to the wife. No people who reckon rela¬ 
tionship solely through the mother can pos¬ 
sibly find any sense in that precept. To 
appeal to their idea of what is fitting, it 
would be necessary to delete “wife” in favor 
of “sister,” the closest of female kin—the 
wife being a blood-alien to whom the husband 
owes not even the duty of blood-vengeance. 

This case presents divergence of family- 
organization as another obstacle-block in the 
path of acculturation. Consider the diffi¬ 
culty of demonstrating to a polygamist the 
superiority of monogamy. In the case of the 
Mormons the knot-cutting by violence was 
the only effective “argument,” just as in the 
ease of the Inquisition, where the rack-torn 
victim was “persuaded” at length to admit: 
“Your reasoning is conclusive; it convinces 
me that you were right and I was wrong. 
You needn’t turn that screw any further!” 

There is, again, the divergence in political 
organization, another barrier-block of famil¬ 
iar, ages-old custom, set in the very founda¬ 
tion of all social organization. Consider an 
historic case: that of Chaka, a ruthless and 
bloody South African tyrant. It is highly 
instructive and will stand, even though ex¬ 
treme, for many another instance of well- 
intentioned, ignorantly imposed maladjust¬ 
ment—for the noble, uninformed purpose 
that fathered the disastrous consequence. 
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Chaka was as obnoxious a ruler as be could 
well be. The scandalized British removed 
Mm as bead chief, or “king. 77 Immediately 
the native “nobles 77 got to fighting, and all 
government collapsed. Chaka was restored, 
and the uproar ceased at once. With all his 
evil qualities, he had been discharging the 
essential function of government: keeping 
internal peace and order, so that his people 
had some kind of regularity to count upon. 
His removal was like that of the kingpin of 
a vehicle: the whole cart fell to pieces. No 
successor to him could be found, for he was 
the traditional chief with the indispensable 
prestige. Similar cases elsewhere in Africa 
were common. The successor to a deceased 
“king 77 was appointed with the greatest pos¬ 
sible speed to avoid an interregnum of 
violence. 

■It was not any European theory, system, 
or gospel that the British were trying to im¬ 
pose upon the Zulus. They were interested 
solely in getting rid of an intolerable indi¬ 
vidual. If Chaka had reformed his ways 
some time before, he would not have been dis¬ 
turbed. But what they unwittingly ran into, 
in removing the person, was the political sys¬ 
tem that constituted the local, traditional 
adjustment in peace-keeping, than which the 
subjects of Chaka knew and could compre¬ 
hend no other. 

A similar situation seems to have arisen hi 
Germany. A republic appears to have been 
almost as incomprehensible to the national 
Weltanschauung as it would be to that of the 
Japanese. Within a short time the Messianic 
Kaiser was replaced by the even more wor¬ 
shipful Fiihrer, and militancy was staging 
its fifth outbreak within less than a century. 
An altered system demanded a specifically 
altered soil to grow in and it could not be 
imposed in inconsistency with the deposits 
in the folkways as accumulated over historic 
periods. That is to say, the political system 
is, again, a natural growth which no hot- 
housing can adjust to a soil and climate not 
possessing the “plant-foods 77 proper to it. 

Instances of disinterested and well-mean-, 
ing, to say nothing of interested and even 
evil-intentioned, interferences with the life 
and institutions of other societies could be 
cited by the score. Benevolent purposes have 


been successful in effecting sound accultura¬ 
tion directly in proportion to their modesty. 
Always the crucial question about the ac¬ 
ceptance of cultural novelties offered by so¬ 
ciety A to society B has been as to whether 
they have been in line with B 7 s previous 
development, and yet not too far above B 7 s 
present rung on the evolutionary ladder. 
There is no use in expecting B to receive the 
incomprehensible, except superficially and 
under a distortion of its terms into shapes 
locally recognizable. The Christian deity 
has been hospitably welcomed as just another 
god among many, all inferior to the local 
Mumbo-Jumbo; images of saints have been 
accepted as additions to local fetishes, sacra¬ 
ments as not altogether unfamiliar glosses on 
local magical ceremonial. 

Consider the odd vision of the peyote- 
inspired Indian who reported seeing the 
Christian deity descending from heaven in a 
Ford car. This is a crude case, but it illus¬ 
trates, even by caricature, a commanding 
fact in all human relationships: that it is 
very difficult to be confident about just what 
is going on in the other fellow's mind, how¬ 
ever long and well you have known him. 
What is in the other tribe's or nation's pur¬ 
view is still harder to be sure about, though 
easy enough to assume on the ethnocentric 
basis of measuring others by our own yard¬ 
stick. 

The foregoing paragraphs might be sub¬ 
titled : “How not to do it. 77 They have con¬ 
centrated upon obstacles to acculturation and 
are negative considerations. Now come the 
positive. They will center about a short sur¬ 
vey of the most successful of all acculturative 
agencies: Trade'; and its moral will be that 
the fewer obstacles set in the path of trade, 
the better the prospect of acculturation. 

There is no need to demonstrate at any 
length the title of commerce to this primacy. 
It was at work ages before missions, religious 
or other, appeared. The flag followed trade 
rather than the other way round; that is, it 
was the outreachings of trade over which 
government extended, largely by road-build¬ 
ing, a Pax Bomana or a Pax Brittanica , pro¬ 
tecting and regularizing an acculturation 
already launched upon risky enterprises. 
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For, once more, the only agency of cultural 
exchange that preceded trade and endan¬ 
gered its early steps was robbery. 

The trader it was who began the chiseling 
at cultural distance. History teems with il¬ 
lustrations. What he succeeded in transfer¬ 
ring was often enough a detriment to the 
receivers, as in the eases of opium and alco¬ 
holic intoxicants potent far beyond any na¬ 
tive products. From the moral point of view, 
the history of commerce contains many a 
sorry chapter. But the ethical aspect is off 
the course of the present inquiry, which is 
this: How did the trader attain his accultur- 
ative results, good, bad, or indifferent ? 

It is to be noted, once again, that those re¬ 
sults were not planned. The trader was no 
philanthropist, any more than the robber; 
indeed, he reverted to robbery whenever he 
saw a good chance, and he cheated most 
brazenly. Lope de Yega says of the Span¬ 
iards that it was not Christianity that in¬ 
cited them, but gold and cupidity. What the 
trader, as well as the Conquistador, was 
after, and all that he wanted, was what the 
Dutch called a “profitable balance,” as 
batig a slot as possible, by whatever means. 

The social results of this singleness of aim 
illustrate truths that should be far more 
familiar than they are: that (1) “motives 
and purposes are in the brain and heart of 
man, 77 while “consequences are in the world 
of fact 77 ; (2) that the nature of the purposes 
is no automatic guarantee, either way, of the 
character of the results; and (3) that the 
only coupling capable of drawing conse¬ 
quences straight after intents is knowledge. 

That knowledge was exactly what the 
trader was after, for the realization of his 
single, immediate profit-purpose. But such 
is the way of knowledge that, spilling over, 
so to speak, into ranges uncontemplated by 
him who acquires specific understanding, it 
promotes a more general function—in this 
case, acculturation or distance-reduction all 
along the line. 

The central policy of the merchant is 
placation. He avoids all antagonizing of his 
customer, who “is always right. 77 But if 
the profit-seeker is to keep off his hoped-for 
client’s toes, he must know just where, and 
how tender, they are. He must become a 


clever adjuster to the folkways of his cus¬ 
tomers, no matter what his private opinion 
of them. In this respect, he is the antithesis 
of the missionary, who aims at radical and 
immediate alterations in the most longstand¬ 
ing of alien ways and institutions. The trad¬ 
er’s policy of slow and smooth adjustment 
to what is, calls first for a knowledge, whether 
or not an understanding, of what is; and 
the better he understands what is, in the 
minds of his prospective clients or victims, 
no matter how outlandish, the better for his 
business. The trader is, in short, the adjus¬ 
ter par excellence . 

His first move is the removal of obstacles, 
beginning with language, that make for 
strangeness and suspicion. He conceals any 
differences between his and his customers 7 
ways of life and displays and accentuates all 
likenesses. It is said that the Phoenicians, 
the star merchants of European antiquity, 
hid or even restored certain religious mutila¬ 
tions according to circumstances, and that 
the Arabs, when dealing with polygamists, 
proclaimed Mohammed’s friendliness to 
wife-plurality. Such blandishments, in 
elaborately refined and sophisticated versions 
have been the stock in trade of the exchanger 
down to the present day. 

Having smoothed the road by removing 
or circumventing obstacles, the trader has 
acquired a strategic path toward a more 
positive procedure. Provided he works al¬ 
ways within the limits of possibility and 
expediency, as revealed to him by the special 
knowledge he has acquired, he can now sug¬ 
gest new wants that he is ready profitably to 
supply. He can build up new business by 
offering novelties that are not too novel, that 
are in line with local development, but not 
so far ahead as to be beyond local grasp. 
The trader is a “gradualist, 77 not a revolu¬ 
tionist, even within the materialistic range; 
and he never puts his money upon utopian 
projects in any range. 

In general, his attention is on details— 
little things—and not at all on grandiose 
principles, clean sweeps, or new dispensa¬ 
tions. His elephant ear is spread over all 
the earthy area it can cover, not flapping 
about in thin air. There are always plenty 
of these little things which, in their aggre- 
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gate, add up to quite a mass. In fact, when 
it comes to evolutionary adjustment, in the 
social range as well as in the natural, that 
grand result has emerged out of a gradual 
accumulation of small variations rather than 
by some sudden cataclysmic mutation. The 
trader is much more like the coral polyp than 
like those ambitious youths who strove to pile 
Ossa on Pelion. 

One has to know about many an appar¬ 
ently insignificant matter if he is to get along 
with the alien. Eminent explorers have lost 
their lives because they did not know about 
some local taboo. The Biblical saying about 
the camel and the needle’s eye is cleared up 
for him who knows that some peoples express 
a super-superlative by an impossibility— 
much as we speak of being 4 ‘tired to death.” 
Recall also the above instance of closeness of 
relationship, as viewed from the matrilineal 
slant. 

If cultural distance is to be spanned, it 
will not do to assume that apparently minute 
differences are of such insignificance that 
they can either be ignored if known or need 
not be known at all; for many of them, 
though they look at first glance like leaves 
floating about detached and by themselves, 
will be found on close scrutiny to be end- 
manifestations growing out of a living and 
solidly rooted institutional bole. It is proof 
of a still more perilous lightmindedness to 
minimize or to ignore that parent trunk. It 
is merely an invitation to disaster to assume 
an absence of resistance to alteration in what 
look like minor social habitudes, let alone in 
the blocks of long and firmly established cus¬ 
toms that cohere into institutional struc¬ 
tures: property-system, religious or marital 
organization. 

An important piece of instruction vouch¬ 
safed by the history of society’s experience 
teaches that changes brought about in what 
are popularly regarded as the “higher” in¬ 
stitutions, such as that of religion (which are 
always, as has been seen, far less subject to 
verification on experience), have come to 
pass indirectly as adjustments to alterations 
in the “lower” institutions, closer to the 
“base-line”: namely, the organization of 
production, consumption, and distribution of 
prime necessities for living. This is the 


maintenance-institution or economic organi¬ 
zation, the selected stamping-ground of 
trade. 

To illustrate the adjustment of the 
“higher” to the “lower”: neither slavery, 
a great advance in its beginnings, nor private 
property in land could acquire a foothold 
until agriculture had replaced hunting, 
herding, and hoe-tillage; nor could the State 
appear prior to developed agriculture allow¬ 
ing of a higher density of population, the 
dominance of the patriarchate, conquest, en¬ 
slavement, the development of classes, and 
the replacement of the social bond of kinship 
by the local tie of spatial proximity, or “ter¬ 
ritoriality.” The secondary must follow on 
the primary; and the primary sine qua non 
always was and is the winning of a physical 
livelihood under an industrial organization 
built squarely upon the laborious extraction 
of goods out of nature and the accumulation, 
by thrift, of capital. 

Throughout history acculturation by way 
of trade has very gradually and unplanfully 
effected changes in the maintenance-organi¬ 
zation of culture-receivers; and then have 
come about the secondary results on the 
“higher” levels, as these have adjusted to 
the “lower.” Allow another instance or 
two. Experts on Africa long ago noted that 
the most effective assault on native slavery 
was by road-building; for roads relieved the 
demand for human beasts of burden. Every¬ 
where and at all times the mechanical inven¬ 
tion has freed mankind from “hack work.” 
That it has cost heavily to those thrown into 
maladjustment has been inevitable. Though 
deplorable from the standpoint of those un¬ 
able to readjust, that cost, so far as the gen¬ 
eral social interest has been concerned, has 
been incidental. There has never been a 
single one of the forward movements which 
we boast of as “progress” that has not been 
paid for dearly in terms of suffering, and 
by the blameless as well as by those guilty of 
indolence. But readjustments in the social 
structure have rolled on with the indifference 
characteristic of Nature. 

Adjustments of the “higher” order (simi¬ 
lar to those of “lower” maintenance-institu¬ 
tions) tend toward similarity, and so toward 
mutual understanding. Then the base-line 
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of familiarity is considerably elevated, and 
cultural distance is shortened. 

Even religious distance is shrinking. The 
term 4 'religious war” is no longer the tradi¬ 
tional cloak for plain looting that it once was. 
There is now an admission of mutual like¬ 
ness between sects of the same general faith 
—even between those wider faiths that used 
to hound one another. Beligion has bor¬ 
rowed certain trappings of science, includ¬ 
ing “ open-mindedness. ” But it will be a 
long time yet before the scientific attitude 
can be looked for and counted on within the 
“higher” ranges. 

The adjustment of the “higher” to the 
“lower” calls for one more illustration be¬ 
fore coming to the practical question of what 
can and cannot be done in the line of desir¬ 
able acculturation in the present. To con¬ 
tinue with the case of religious approxima¬ 
tion. How did it, to whatever degree it has 
reached, come about? 

Certain religions have attained wide dis¬ 
semination, chiefly in form but to a consider¬ 
able degree in substance also. Faiths have 
been imposed by force in relatively recent 
ages, as they were not in earliest times when 
primitive religions were pretty much the 
same, with no doctrinal credos to cram down 
each other's throats. Then there was the 
mission, which also is modern. Both of these 
expedients represented deliberate accultura¬ 
tion from above downwards, from a culture 
reckoned to be “higher” to one “benighted.” 
And both started their acculturation on the 
“higher” levels, without bothering to lay 
any low, materialistic foundation. 

The result of such methods of imposition 
has regularly been that the receivers of-the 
alien religion have taken out of it only what 
they could reconcile with what they had 
already, by interpreting it into terms fa¬ 
miliar to them—the forms rather than the 
spirit. Grotesque examples are numerous, 
many of them construed by optimistic in- 
culeators to be “after all” of the spirit, not 
merely of the form. There is no final cri¬ 
terion of judgment in this matter—no way 
of testing, at any rate, borderline cases. In 
general, peoples who profess and go through 
the forms of a religion are called “Moslems,” 
“Shintoists,” or “Christians.” 


Furthermore, religion comes to be confused 
with morals, to the extent that extremists 
deny the adjective “Christian” to nations 
or individuals who go to war—and that 
despite the militaristic tone and vocabulary 
of Scripture and of Christian hymns. On 
the other hand, many a nonprofessor of or¬ 
thodox forms—Lincoln, for example—is de¬ 
scribed as “a Christian gentleman” because 
of high esteem for his character and behavior. 

Among the “higher” cultural items that 
some enthusiasts, including those who infer 
a shrinkage of cultural distance from the ob¬ 
vious shortening of geographical remoteness, 
want to universalize is Democracy. In this 
vision there is much of ethnocentrism in¬ 
volved, on the part of both prospective giver 
and envisioned recipient, for he too who is to 
be blessed has his convictions about the su¬ 
periority of his own ways. 

Democracy is a political creed, or theory, 
with an attached structure. It is taken as 
seriously by some as is any solemn religious 
credo, and the missionary spirit has pitched 
upon it, as a kind of gospel, much as it did 
upon religious faith. It belongs upon that 
“higher” level of cultural items which so 
engages the uplifters. There are some who 
want to impose it upon all peoples, from the 
Herrenvolk to the most backward cannibals, 
by persuasion if possible, by force if need be. 
They feel with all that is in them that the 
system needs only to be displayed in sight of 
immediately edified eyes to be joyfully ac¬ 
cepted on its merits. They seem to think 
that if its forms—elections, for instance— 
are once adopted, its spirit will be sure to 
emanate from them. Their attitude is like 
that of the evangelist who urges: “Just prac¬ 
tice what I offer, and you will see!” 

That is a question-begging short-cut. How 
can one cut loose from the habitual and swing 
to some suggested practice on a vague prom¬ 
ise? How can he believe on the basis of 
alleged evidence that counters the teachings 
of whatever actual experience he has ? 
And how can he practice in the spirit of a 
belief that, besides being incomprehensible 
to him at his stage of cultural development, 
is likely also to be antipathetic to his tradi¬ 
tional faith? No matter how complaisant 
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he may be, the limit of his susceptibility 
cannot extend further than the appropria¬ 
tion of what seems to him most in line with, 
or can be interpreted in terms familiar to, 
his existing mental outfit. 

Democracy, as a kind of faith, is near 
enough to religion to allow of comparison. 
The essential core of any religion is its con¬ 
ception of the supernatural and of relations 
to it. The whole of the formal part, or 
practice, of a cult is shot through with that 
conception. All ideas about the supernatu¬ 
ral have elements in common, but there are 
enough variations in details of creed and in 
practice, all of them plausible though un- 
verifiable, and strange -enough to be mu¬ 
tually repellent in the absence of a similar¬ 
ity between the “lower” strata of the 
meeting cultures favorable to an exchange 
of ideas of a more abstract nature. 

Even the forcible elimination of “heathen” 
practices starkly inconsonant with the spirit 
of an introduced religion has encountered 
many obstacles and much resistance or eva¬ 
sion on the part of 4 4 converts. J ’ Cannibalism 
and magic have continued to be practiced 
on the sly. The incoming religion has been 
obliged to make many a compromise with 
ingrained ideas and usages—in fact, the cur¬ 
rent of acculturation has sometimes been par¬ 
tially reversed, as the giver has turned out to 
be a receiver. Missionaries have seized upon 
heathen beliefs, such as reverence for the 
cross, and certain ceremonies or even sacra¬ 
ments to shorten cultural distance by empha¬ 
sizing coincidental similarities. 

In actual experience no way has appeared 
to promote genuine “higher” acculturation, 
religious or other, except by a build-up upon 
a substructure of the 44 lower” institutions. 
Direct pressure on the latter may work in¬ 
directly on the former. What is doing a good 
deal to break up the religion-supported caste- 
system in India is the enforced proximity in 
the railway ear of those mutually isolated by 
taboo. Let there come about a familiarity 
induced by unavoidable contact in the mar¬ 
ket-place or in the widened trade-area, under 
the distance-shrinkage promoted by wider 
and speedier transportation and communi¬ 
cation, and there is presently an altered sub¬ 
structure upon which to build up, very 


gradually, acculturation on the 44 higher” 
levels. 

Democracy is a tenuous theory. Not many 
of those who loudly and ethnocentrically pro¬ 
fess it can state it except vaguely or can cite 
conclusive evidence to back their faith. Pew 
of them realize that there are no social ad¬ 
justments within any range, whether eco¬ 
nomic, political, religious, or marital, that 
do not have their glaring defects—indeed, 
the defects of their qualities, along with all 
the rest of their imperfections. How are 
they going to meet the objections, often very 
searching, raised by aliens whose very dif¬ 
ferences of slant are sure to reveal the special 
defects of any unfamiliar system that is being 
urged upon them 1 

A dispassionate student of democracy is 
almost sure to arrive at the conclusion that 
democracy has proved itself in experience to 
be a less inexpedient adjustment for society 
than any one of its predecessors. The very 
fact that it has so largely replaced them, at 
least in theory, makes for that conclusion to 
the evolutionist. But that modest approval 
leads to no semireligious fanaticism. It does 
not mean that he can ignore all the severe 
criticisms of democracy, even from totali¬ 
tarian scoffers, much less the unemotional 
assessments recorded by cool judges who, 
despite all the cons they see, yet pronounce 
in favor of the system. 

When, however, it comes to the propaga¬ 
tion of a faith among the naively uncritical, 
it must always be presented as true in every 
part and also as inclusive of all truth. No 
faith says of itself: 4 4 1 am true contingently 
upon the verdict of further evidence not yet 
in hand, ” or: 4 4 1 am true in part. ” It is all- 
comprehensive or it is nothing. Propaganda 
must demand no less. But only one re¬ 
fractory instance will scuttle any universal 
proposition. And prospective converts are 
sure to unearth awkward facts, not only 
alleged but demonstrable out of their experi¬ 
ence. And the number of such reservations 
that they can offer depends upon what might 
be called their 44 general cultural potential,” 
their stage of general cultural evolution. 
The nearer they are in that respect to those 
who have come to hold, and to wish to dis¬ 
seminate, any particular political or social 
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theory, the less unreeeptive, whether by lack 
of -understanding or sheer hostility, they are 
likely to be. 

Democracy, as we conceive of it, is very 
recent. It is fashionable to refer to Athenian 
‘ ' democracy,’ ’ but that system had vitiating 
elements in it and was transient, as was the 
Roman Republic. There are today, among 
peoples regarded as civilized, a number of 
proclaimed approaches to democracy that 
could hardly be called either direct or rapid. 
Nobody can believe that the Japanese have 
more than assumed some of the outer trap¬ 
pings of democracy, even as a disguise. 
Where one violent revolution succeeds an¬ 
other at short intervals, prospects are still 
rather dim. And if this is so among rela¬ 
tively highly cultured peoples, what is to be 
expected as regards the democratizing of 
"native races/’ on cultural levels down to 
those of, say, Melanesia? 

The instant retort to any such reservations 
is to wave, vigorously and also reproachfully, 
the banner of Education, which is, especially 
in America, a fetish before which most of us 
worship. 4 'All any people needs, to accept 
democracy, is education. 9 ’ It may seem un¬ 
gracious or even sacrilegious to quote here 
the word of the Red Lama, in Kipling’s 
Kim: "Education is greatest blessing if of 
best sorts. Otherwise no earthly use.” This 
is, however, no treatise on education, no in¬ 
quiry into the ins and outs of that process. 
The sole object here is to indicate what, as 
regards acculturation, direct and deliberate 
inculcation of democracy can and cannot be 
expected to effect. 

In attempting that transplantation, the 
first consideration to be kept ever in mind 
is that, like all other governmental systems, 
democracy is one of those natural growths 
alluded to in the foregoing. It is not at all 
somebody’s bright idea, hothoused into sud¬ 
den bloom in the feverish intuition of some 
inspired seer. All the prophet can ever do 
is to articulate, usually in garish exaggera¬ 
tion, what is already there in the minds of 
the inarticulate. If it is not there, his "mes¬ 
sage” falls flat. 

Democracy is not only a natural growth— 
the topmost shoot, if you will, of an Iggdrasil- 
tree—but one that has had to develop 


through many a "lower” number of a long 
evolutionary series. An immeasurable time 
has been required for it to get where, and 
to become what, it is now among some few 
peoples on a high plane of general culture. 
How can it be lightly proposed to engraft 
it far down that culture-trunk or develop¬ 
ment-series on the assumption that it is so 
noble and vital a product that it is sure to 
take hold and flourish irrespective of where 
it is attached ? 

The enthusiast who encounters a critic of 
his vision is wont straightway to wax im¬ 
patient, scornful, even violent. He begins 
by making faces and calling names: "Mate¬ 
rialist!” "Isolationist!” Maledictions on 
those who doubted the Fountain of Youth or 
the Elixir of Life or any one of the countless 
forms of magic must have been equally loud 
and deep. In bygone days any such icono¬ 
clast risked his life. And yet all he wanted 
was that men should keep their minds open 
to the verdict of actual experience and look 
before they leaped. That is all any critic of 
any noble experiment can wish—a cautious 
forecasting on the basis of recorded, verified, 
and reverified facts of experience. 

By all means let us have all the democracy 
possible. Let us plant its seed wherever it 
has a chance to grow. But let us consider 
the several kinds of ground mentioned in the 
Parable of the Sower, and not bank heavily 
upon the thin and stony soil, even if out of 
it certain showy sprouts spring up forthwith; 
for, later on, their withering away or their 
grotesque parody of genuine blossoming may 
have to be embarrassingly explained. 

Cultural soil favorable to the transplanta¬ 
tion of democracy—indeed to its original 
growth—Is rare on this earth. There has 
even been a thinning-out of soils once deemed 
fertile, and crops of tares have shot up to 
choke the so-desirable plant. Part of this 
thinning-out has been inevitable; for the 
frontier, which was highly favorable to free¬ 
dom and equality so that imported class- 
systems could not maintain themselves there, 
is no longer with us. The man-land ratio 
(population per square mile) with increas¬ 
ing density of population has become set in 
terms that not even the high mortality of 
war can much relieve. 
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There are unquestionably areas where this 
soil has been thickening and improving in 
quality, that is to say, where human socie¬ 
ties have been building up their general cul¬ 
tural background toward a resulting refine¬ 
ment of their “ higher” institutions: religion, 
governmental system, and the rest. These 
are the strategic areas within which accul¬ 
turation on 4 'higher 7 * levels can hope for 
successes that are not transmissions merely 
of forms but of actual substance, not merely 
transient but durable. 

It is not intended in the present analysis 
to cite special cases. To refrain from that 
is only discretion, for nobody knows enough 
to pontificate on receptivity to democracy, 
particularly upon the host of societies that 
form the means between the two extremes 
of utter immunity and high susceptibility. 
More knowledge is the indispensable solvent 
of all the impending problems, and that 
means scientific knowledge out of the expert 
handling of facts of experience, not the 
pseudoknowledge of the self-confident enthu¬ 
siast who ‘ 4 knows with his whole humane 
totality.” What is needed is a foresight so 
wedded with hindsight as to beget insight. 

Still, a couple of extremes, on which most 
informed persons would agree, might be cited 


for the sake of clarity. If the Icelanders 
are turned loose to do whatever they please, 
nobody is expecting anything of them but a 
democratic system. But who can believe the 
same of the Papuans? There is an immense 
stretch of cultural distance between these 
peoples that no aeroplane can span. And in 
between those extremes of receptivity lie the 
myriads of means, merging into one another 
along their edges like the bands of the spec¬ 
trum. If distance, be it wide or narrow, is 
to be spanned, it is only sense to calculate it 
beforehand. No two culture-receiving socie¬ 
ties are exactly alike, either in present status 
or educability. To try to cover them all with 
some single formula is like proposing to 
stretch a new firmament over the earth, and 
at once. Only a victim of demoniac posses¬ 
sion could contemplate it, even in a fevered 
dream. 

The transmission of culture, even on the 
“lower” levels and with all its advantages 
of verification, has been a long, slow, gradual 
process. It is bound to be longer, slower, 
more indirect, more gradual, and oftener in¬ 
terrupted, when attempted on any “higher” 
plane. It is more profitable to go one mile 
with cool, scientific caution than to aspire to 
cover twain in the wake of some shaky seer. 


j 



THE CHARACTER OF MATHEMATICS 

By HAROLD L. DORWART 


A few years ago anyone writing a maga¬ 
zine article of a general nature on mathema- 
matics would have felt that he had to begin 
by making a defense of the subject Relieved 
of the distasteful “requirement in mathe¬ 
matics ” in many schools, a generation was 
growing up that knew not mathematics. 
Then came the attack on Pearl Harbor, and 
shortly thereafter came the realization that 
a long war would require thousands upon 
thousands of youths with technical training. 
Almost overnight there was a rush to the 
mathematics classrooms. High schools and 
colleges now urge or require their students 
to study mathematics, the current Army and 
Navy training programs devote a large 
amount of time to mathematical subjects, and 
there are evening classes in mathematics for 
war workers. Unfortunately, however, the 
present apparent popularity of mathematics 
does not make all college professors of mathe¬ 
matics as happy as one might suppose. The 
more thoughtful ones know that the compul¬ 
sion of the service programs, the extreme ac¬ 
celeration, and the stripping from traditional 
courses of all cultural content and everything 
else that is not immediately useful pave the 
way for a reversal of popular favor after the 
war is won. 

In what follows it will be assumed that 
the reader is already convinced of the utili¬ 
tarian value of mathematics, and an attempt 
will be made to describe some of the traits 
of mathematics that are not so well known. 
Incidentally, this lack of knowledge is not 
the fault of those few mathematicians who 
have the gift for popular expression. In 
the past decade they have written at least a 
score of excellent books of a general nature, 
such as What is Mathematics f by Courant 
and Robbins; Mathematics and the Imagina¬ 
tion, by Kasner and Newman; The Queen of 
the Sciences, Men of Mathematics, and other 
books by E. T. Bell; Biddles in Mathematics: 
A Booh of Paradoxes, by E. P. Northrop; 
The Education of T. C. Mits (The Celebrated 
Man In The Street) and other booklets by 


H. G-. and L. R. Lieber, to mention but a few. 
But with the exception of Mathematics for 
the Million, by Lancelot Hogben, these books 
have probably reached only a limited number 
of readers. 

First, there is a lot of fun in mathematics. 
Entire books of mathematical recreations, 
such as those by Kraitchik and by Ball and 
Coxeter, are probably purchased and read 
by more nonmathematicians than mathema¬ 
ticians. The feeling of pleasure that many 
people derive from solving simple mathemati¬ 
cal puzzles is but a small sample of the 
“kick’’ that a student of advanced mathe¬ 
matics gets from solving a difficult problem. 
And this in turn is hardly to be compared 
with the sensation of extreme delight and 
satisfaction experienced by a professional 
mathematician when, as a result of months 
or possibly years of labor, he obtains results 
that are new and of interest to fellow mathe¬ 
maticians. 

Whether or not puzzle-solving is of value 
to the individual, it certainly has contributed 
greatly to the development of mathematics. 
Probability had its birth when a mathemati¬ 
cian was asked to solve a problem concerning 
the distribution of the stakes in an inter¬ 
rupted game of chance. Topology, one of 
the branches of mathematics in which there 
is much present-day activity, owes a great 
deal to the so-called Konigsberg Bridge Prob¬ 
lem, described in the following paragraph. 

Two islands in the river Pregel, flowing 
through the town of Konigsberg, Prussia, 
were at one time connected with the shores 
and with each other by seven bridges. The 
first island was joined to each shore by two 
bridges and to the second island by a fifth 
bridge. This second island was joined to 
each shore by the sixth and seventh bridges. 
The question was asked whether it would be 
possible to traverse all seven bridges without 
crossing any bridge more than once. The 
trial and error method seemed to indicate 
that this could not be done. In 1735 Leon¬ 
hard Euler, the great Swiss mathematician, 
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proved that it could not be done by first prov¬ 
ing a general theorem on networks and then 
showing that the figure of the bridges, 
islands, and river banks could be reduced to 
a network, and that hence the answer to the 
question could be obtained by considering 
it to be a special numerical case of the gen¬ 
eral theorem. 

This procedure is characteristic of the 
mathematician’s method. Rather than solve 
a number of similar numerical problems, he 
prefers to prove the general theorem that 
includes these as special cases. Also, instead 
of considering masses of data as the experi¬ 
mental scientist does and then by the induc¬ 
tive method drawing a conclusion that is 
more or less certain, the mathematician first 
states his definitions and his postulates as 
clearly as he can and then by deductive rea¬ 
soning obtains conclusions that must follow 
from the postulates according to the particu¬ 
lar rules that he is using. Or rather, this is 
the mathematician’s ideal of procedure. 
Actually he frequently uses induction or 
intuition to suggest the particular postulates 
to be chosen or the particular conclusion to 
be drawn, but having once decided on his 
starting point and on his objective he then 
relies solely on logic. 

The second trait of mathematics to be em¬ 
phasized is that today mathematics is a liv¬ 
ing and growing subject. Unfortunately the 
knowledge of even the average college gradu¬ 
ate frequently stops with what was known 
several hundred years ago. The period from 
about 1800 to the present has been called the 
Golden Age of Mathematics. E. T. Bell has 
said: “The nineteenth century prolonged 
into the twentieth, was, and is, the greatest 
age of mathematics the world has ever 
known. Compared to what glorious Greece 
did in mathematics, the nineteenth century 
is a bonfire beside a penny candle”; and 
again, “The nineteenth century, on this scale 
[quantitatively], contributed to mathemati¬ 
cal knowledge about five times as much as 
was done in the whole of preceding history.” 

To get some idea of what and how much 
are being produced today, let us look at 
Mathematical Reviews , a monthly journal 
of abstracts. The December number of any 
year contains only an author and subject 


index for the other eleven issues of that year. 
In the issue for December 1943 there were 
30 pages of author index containing approxi¬ 
mately 1,200 names and, since many of the 
authors had written more than one paper, 
representing about 1,800 papers reviewed in 
1943. The subject index occupied 17 pages 
and contained 79 major divisions, many of 
these being subdivided into various minor 
branches. 

After looking merely at the titles of some 
of these research papers, the average person 
is apt to be discouraged by the technical 
nature of the articles and by the thought 
that all the simple mathematical problems 
must have been solved long ago. Actually, 
however, new results in elementary mathe¬ 
matics are reported in almost every issue of 
some of the journals devoted to this field. 

A third important trait of mathematics is 
that it is universal and international. There 
have been mathematical inventions and de¬ 
velopments in all ages and civilizations, and 
no one country or race has had any monopoly 
on these inventions or developments. 

In addition to local, regional, and national 
meetings, international congresses of mathe¬ 
maticians were held every four years until 
the war interrupted them. There is, of 
course, nothing unusual about this, since 
many other scientific and professional groups 
have held international meetings. The un¬ 
usual fact is that although mathematicians 
frequently do not speak or even understand 
one another’s languages, they usually do 
comprehend one another’s ideas as expressed 
in international symbols on the blackboard. 

Another trait of mathematics is that it 
has many of the characteristics of a creative 
art. Bertrand Russell, who is highly re¬ 
spected in the mathematical world for the 
penetrating studies of his earlier years, par¬ 
ticularly in the field of mathematical logic, 
has said: “Mathematics, rightly viewed, pos¬ 
sesses not only truth but supreme beauty— 
a beauty cold and austere, like that of sculp¬ 
ture, without appeal to any part of our 
weaker nature, without the gorgeous trap¬ 
pings of painting or music, yet sublimely 
pure, and capable of a stern perfection such 
as only the greatest art can show-” 

The English “pure” mathematician G. H. 
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Hardy, in his little book A Mathematician’s 
Apology , states*. “A mathematician, like a 
painter or poet, is a maker of patterns”; 
and then by means of elementary illustra¬ 
tions he shows how the best examples of 
mathematical art are both beautiful and 
serious (as distinguished, for example, from 
the unimportant mathematical solution of a 
chess problem). 

The invention of non-Euclidean geometry 
(about a century ago) probably did more 
than anything else to make mathematicians 
aware of the creative aspect of their subject. 
Since that time hosts of new geometries and 
algebras have been created. ‘ £ But, *’ we seem 
to hear the reader saying, “are they of any 
practical value, and do they last?” We 
quickly reply that “practical’ 5 uses for many 
of them have not yet been found (more on 
this later) but that most of them do achieve 
a kind of immortality. 

This brings us to the next trait. Most of 
mathematics is reasonably permanent. Hardy 
explains that the patterns of the mathema¬ 
tician are apt to last longer than those of 
the painter or the poet because they are made 
exclusively with ideas. Painters and poets 
also use ideas, but in addition they have 
other materials. “A painter makes patterns 
with shapes and colors, a poet with words.” 
Ideas usually are not the important part of 
a painting, and frequently they are not easily 
detected even in some of the most euphonious 
poetry. “A mathematician, on the other 
hand, has no material to work with but ideas, 
and so his patterns are apt to last longer.” 

Although it is good to know that new re¬ 
sults in mathematics will live, this very per¬ 
manence creates a problem. It has been 
estimated that a complete history of mathe¬ 
matics would have to cover 6,000 years and 
list the achievements of 6,000 to 8,000 per¬ 
sons. Fortunately it is not necessary for 
the beginning mathematician to digest all 
this mass of material, for the time has passed 
when one man could have expert knowledge 
in all, or even in most, of the major branches 
of mathematics. Henri Poincare (1854- 
1912) has been called the “last universalist.” 

But, granted that mathematics is fun (for 
some people at least), that it is a growing 


subject, that it is international, that it has 
some of the characteristics of a creative art, 
and that many of its results are reasonably 
permanent, why not stress the practical side 
and why not go all-out for “planned re¬ 
search” in mathematics ? The answer to this 
is that the practical aspects are being 
stressed in schools and colleges and that many 
research mathematicians are at present en¬ 
gaged in war research either for Government 
agencies or at the universities (others are 
being trained in the Program of Advanced 
Instruction and Kesearch in Mechanics at 
Brown University), but that if this plan is 
followed short-sightedly, and if the true sig¬ 
nificance of real mathematics is lost after the 
war is won, civilization will be the loser. Let 
us try to see why this is so. 

Bell (this time in The Handmaiden of the 
Sciences) makes a strong case for the final 
trait of mathematics that we desire to dis¬ 
cuss: “ Prediction is the most characteristic 
service which mathematics renders the sci¬ 
ences.” One of the striking examples devel¬ 
oped by Bell is the first observation, through 
the telescope, of the planet Neptune just 
where mathematicians had calculated there 
must be such a mass, because of the effects 
(perturbations) on the motions of the other 
members of the solar system. A second ex¬ 
ample is the experimental discovery of radio 
(electromagnetic) waves by Heinrich Hertz 
in 1888 when he set out to find them after 
he had read the prediction of their existence 
in the mathematical theory of electricity and 
magnetism developed by Clerk Maxwell. 

The relationship of mathematics to other 
sciences is discussed by the Liebers also in 
their delightful T. C. Mits. They refer to a 
symbolic totem pole for mathematics and the 
sciences—“a veritable defense against all 
evil”—which can be compared to a five-story 
building. The first floor is a showroom con¬ 
taining radios, refrigerators, automobiles, 
etc., and the second floor is a great industrial 
laboratory where these products “are in¬ 
vented, tried out, manufactured.” The re¬ 
search men here “do not let their minds roam 
around looking for interesting problems; 
their problems are handed to them . 9 9 On the 
third floor we will probably find professors in 
university laboratories doing research in 



180 


THE SCIENTIFIC MONTHLY 


“pure” science. Occasionally they must go 
up to the fourth floor to consult the mathe¬ 
maticians there “who know (and apply) the 
classical mathematics of the past.” Finally, 
on the fifth floor are found the “pure” or 
creative mathematicians. 

To get the complete history of any of our 
useful “scientific gadgets,” such as the radio, 
it is usually necessary to visit all five floors. 
Thus Marconi, “who sent the first crude 
radio messages,’ ’ was a second-floor man. On 
the third floor worked Hertz who discovered 
the radio waves after they had been predicted 
by Maxwell on the fourth floor. Maxwell’s 
work, in turn, was possible only because New¬ 
ton and Leibnitz had previously invented the 
calculus. 

But where does the activity start ? On the 
lower floors because of efforts to solve practi¬ 
cal problems confronting human society, or 
on the upper floors because of the desire to 
satisfy intellectual curiosity? 

Hogben, who is not a mathematician but 
who has done great service to mathematics 
by popularizing the elementary parts of the 
subject, recognizes only the lower floors. 


Most mathematicians, however, will probably 
agree with Courant when he says: “Without 
doubt, all mathematical development has its 
psychological roots in more or less practical 
requirements. But once started under the 
pressure of necessary applications, it in¬ 
evitably gains momentum in itself and trans¬ 
cends the confines of immediate utility. ’ ’ 

The history of mathematics tells us re¬ 
peatedly that mathematics invented with no 
thought as to its possible applications has 
later become invaluable to the astronomer 
or the physicist. Conic sections were devel¬ 
oped to a high degree by the Greeks long 
before there were astronomers to apply them 
to the motion of the planets. Certainly the 
great work of Einstein on relativity would 
at least have been delayed if there had not 
been at hand Riemannian geometry and the 
tensor calculus. And still more recently 
quantum mechanics was able to grow rapidly 
because matrices and groups had previously 
been studied by the mathematicians. It 
should therefore be apparent that we must 
not let the penthouse of our scientific struc¬ 
ture become a dusty and deserted attic. 


j 
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“Die Ursache muss Augen gehabt haben . 
Thus wrote the zoological philosopher August 
Pauly, forty years ago, in contemplating the 
magnificent tail feathers of the peacock, 
spread out to view and waved with every 
appearance of self-conscious pride. 1 Pauly 
was a Lamarckian of an extreme type. He 
rejected the Darwinian theory of natural 
selection as materialistic and substituted the 
idea that the organism was very largely self- 
created, responding to its own feelings, de¬ 
sires, and fears with appropriate processes 
of growth and differentiation in every part 
of the body. That changes thus originating 
were transmitted to succeeding generations 
he did not think it necessary to prove. 

In view of more recent developments in 
our knowledge of heredity, the speculations 
of Pauly and some of his contemporaries now 
seem fantastic in the extreme. They are, 
however, interesting reading. We may even 
recognize a certain measure of truth in them. 
The Lamarckian requirements respecting 
heredity have not, of course, been met. On 
the other hand, the morphogenic effects of 
sensorimotor processes—including some proc¬ 
esses which, in ourselves, we designate as 
psychical—have been established by evidence 
that was but little known to the Lamarckians. 
That some fishes, for example, can regulate 
the formation of pigment cells in their skins 
in response to what they see with their eyes 
is a fact now familiar to biologists. 2 But 
there is no evidence to show that effects pro¬ 
duced in this way may be accumulated 
through inheritance, if successive genera¬ 
tions of fishes are subjected to the same 
visual environment. Until such wholly un¬ 
expected evidence is forthcoming, it would 
be foolish to suggest that any of the fixed 
colors and color patterns of animals, i.e., those 
not subject to change with change of present 
environment, are the product of past self- 
acljustment to ancestral environments. 

Nevertheless, the phenomena that have 
been discussed since Darwin’s day under 
such names as 4 protective resemblance, 5 

* Contributions from the Seripps Institution of 
Oceanography, New Series. No. 246. 


1 concealing coloration,’ and £ mimicry’ have 
maintained their major position in biologi¬ 
cal inquiry. As required reading for a 
graduate student in zoology—I might add, 
for a graduate student in general physiology 
or biochemistry or genetics—I should recom¬ 
mend the volume by Hugh B. Cott, Adaptive 
Coloration hi Animals. 3 The reader who 
follows Cott’s evidence attentively and with¬ 
out prejudice may not perhaps accept every 
one of the author’s interpretations, but he is 
not likely to be patient with anyone who 
might suggest that we are dealing here 
with an endless succession of coincidences. 
Throughout large sections of the animal 
kingdom he will encounter color patterns, 
structures, and even modes of behavior that 
rather plainly have been evolved with pri¬ 
mary reference to the animal’s appearance . 
He might well be moved to declare, and with 
more reason than Pauly, that “the cause 
must have had eyes.” Yes, indeed, but 
whose eyes? Pauly was thinking of the 
animal’s own eyes and believed that impres¬ 
sions received through them exercise mor¬ 
phogenic effects upon their possessor. 

The natural selectionist, on the contrary, 
has in mind the eyes of the animal’s enemy 
or prey. That this process of selection is 
part of the grand strategy of nature few 
biologists now question. The theory has 
passed through various phases of triumph 
and defeat ever since the time of Darwin. 
It has been both proved and disproved to the 
satisfaction of many biologists. But it has 
emerged at long last, in somewhat altered 
form to be sure, but possessed of nearly all 
the directive powers that Darwin claimed for 
it. "Whether natural selection can rightfully 
be called a creative principle is wholly a 
matter of definition. 

That such patterns of color and structure 
as make for concealment or hinder recogni¬ 
tion actually operate in a high degree to save 
the lives of the animals concerned might seem 
to the layman to require no further proof. 
But this assumption has been challenged or 
even fiercely denied on theoretical grounds 
by those useful, if sometimes irritating, “de- 
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FIG. 1. GROUP OF LIVING CHROMATOPHORES ON SCALE OF FISH 

SHOWING DISPERSED AND CONCENTRATED STATE OF MELANIN GRANULES UNDER CHEMICAL INFLUENCE. THESE 
PARALLEL THE CHANGES THAT ARE UNDERGONE AS A RESULT OF NERVOUS STIMULI, A, STATE OF NEARLY MAX¬ 
IMUM DISPERSION OF MELANIN. B , PARTIAL CONCENTRATION, 4f MINUTES AFTER TREATMENT WITH ADREN¬ 
ALIN. C, MAXIMUM CONCENTRATION, 15 MINUTES AFTER TREATMENT WITH ADRENALIN, D, PARTIAL DISPER- 
SION, , "4J MINUTES AFTER SUBSTITUTION OF URETHANE. E } MAXIMUM DISPERSION, 7| MINUTES AFTER 
SUBSTITUTION OF URETHANE. THE SPECIES OF FISH USED IN THE EXPERIMENT WAS FunduhtS parvipennis. 


btmkeris” in science, The naturalist him¬ 
self, be it said, is not usually satisfied with 
“unavoidable’’ conclusions when these are 
not supported by evidence. And so various 
experimental tests have been conducted on 
the question whether, in reality, “protective 
coloration’’ does protect. 4 "While such data 
are admittedly not vet adequate in amount, 


they are, on the whole, confirmatory of the 
common-sense judgment of the unsophisti¬ 
cated person. 

The case is, of course, most convincing when 
we consider those animals that are capable 
of conforming their color scheme, from mo¬ 
ment to moment, to that of the surface on 
which they happen to rest. It is doubly 
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FIG. 2. VIEWS OF THE SAME INDIVIDUAL (LEBISTES RETICULATES) 

THE PHOTOGRAPHS OP THIS PISH WERE TAKEN WHILE IT WAS UNDER INFLUENCE OP ADRENALIN AND SHOW THE 
EFFECTS OF BACKGROUND UPON NUMBER OF CHROMATOPHORES. A, AFTER HAVING BEEN BORN AND REARED FOR 14 
MONTHS ON BLACK. B, AFTER TRANSFER TO WHITE FOR 16 DAYS. C, AFTER RETURN TO BLACK FOR 16 DAYS. 


convincing in those cases where not only 
general color tone but also the distribution 
of color (i.e., the pattern) is involved, as is 
true of many bottom-dwelling fishes. 5 Here 
we have a mechanism involving some of the 
chief organ systems of the body and operat¬ 
ing in such fashion that no function can 
plausibly be ascribed to it except the con¬ 
cealment of the animal in question. 

In the attainment of this result two sets 
of eyes are concerned: those of the predators, 
in search of their prey, and those of the po¬ 
tential prey, taking refuge in these self-effac¬ 
ing color reactions. 

Various far-fetched explanations have 
been offered for the existence of such a 
mechanism, other than the obvious and al¬ 
most certainly true one of affording protec¬ 
tion to the organism. These perversions of 
scientific thinking spring from the insistence 
by a certain type of mind upon finding an 
immediate physical or chemical explanation 
for every organic phenomenon. Adaptations 
for concealment, or indeed adaptations of 
any type, are rejected as “teleological” and 
ipso facto unscientific. 6 

My own experiments in this field 7 con¬ 
sisted in exposing to the attacks of predators 
mixed lots of living fishes that contrasted in 
widely different degrees with the background 
employed. Such experiments were made 
possible by a circumstance that has not thus 


far been mentioned here. Fishes, and some 
other organisms, in addition to undergoing 
rapid and quickly reversible changes of ap¬ 
pearance in response to changes in the back¬ 
ground, may undergo changes which are 
much more enduring. The former are due to 
the shifting of the pigment particles within 
the color cells of the skin, with the result 
that these particles are either spread out into 
full view or withdrawn (partly) from sight 
(Fig. 1). The more enduring changes, re¬ 
sulting from longer subjection to the visual 
stimuli, are due to the actual production of 
new pigment or pigment cells, or to the loss 
of pigment previously present (Fig. 2). 
This fact makes it possible to effect modi¬ 
fications in the shade of fishes which will be 
lasting enough for the requirements of an 
experiment such as the present one (Fig. 3). 8 
It seems to be impossible, however, to fix 
permanently a given pigmental condition, 
whether light or dark, even bv keeping the 
fishes (at least Lebistes ) night and day, from 
birth, on a given background. The responses 
of such fishes to a new 7 background are de¬ 
layed but thoroughgoing. 9 , 

More than 3,500 small fishes (Gambmia), 
thus treated, were subjected to attack by 
three different species of predators, a diving 
bird, a wading bird, and a larger species of 
fish. In an extensive series of experiments 
the numbers Of fishes caught upon the back- 
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ground with which they contrasted more 
strongly averaged nearly twice the numbers 
caught upon the less contrasting back¬ 
ground. 10 Results such as these were ob¬ 
tained, in some cases, as much as 20 hours 
after the period of “conditioning” had 
ended, and w r hen the contrast with the ex¬ 
perimental background in question had 
greatly diminished. 


It has been claimed by certain critics of 
the protective coloration “hypothesis” that 
quiescence on the part of the sought-for ani¬ 
mal, rather than concealment through camou¬ 
flage, is the chief factor in averting its cap¬ 
ture. This may be true for some predators 
and some prey, but it was shown by special 
experiments to be unfounded in the case of 
those here concerned. 



C ' D 


y; l, y 1 y ; F$a/S. influence of dark and pale backgrounds on gambusia 

A, TWO OF THESE FOUR SPECIMENS HAD BEEN KEPT IN A BLACK TANK FOR ABOUT 7 WEEKS ) TWO IN A WHITE 
; Vi^K'FORAN EQUAL PERIOD. TAKEN ON PALE-GRAY BACKGROUND 15 SECONDS AFTER THE FISHES WERE TRANS¬ 
FERRED. B, THE SAME FISHES AS IN A, AFTER REMAINING 24 HOURS ON THE PALE-GRAY BACKGROUND. C y 
• A WITH SAME PREVIOUS HISTORY AS IN A, BUT TAKEN 20 SECONDS AFTER TRANSFER TO A BLACK 

IliUKTOtF^D. (THE WHITE FISHES APPEAR SOMEWHAT TOO PALE IN THIS PHOTOGRAPH.) D, SAME FISHES AS 
", IN C, PHOTOGRAPHED AFTER REMAINING 27 HOURS IN THE BLACK BOWL. THE SPECIES IS Gambusia affinis* 
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That this capacity for adjustment to a ment cells, which result from more pro- 
changed visual environment has been per- tracted subjection to a new optical environ- 
fected through natural selection is the more ment. 12 The reasons for this emphasis are 
readily believable, since we know that the obvious.- Any experiment upon these quan- 
capacity in question differs greatly in various titative phenomena involves months of time, 
kinds of fishes, while those of us who have instead of days or hours. It likewise calls 
experimented in this field know that even for the use of difficult biochemical technique 
different individuals of the same species may that the great majority of zoologists are ill- 
vary widely in this respect. The nature of equipped to employ. However, some highly 
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FIG. 4. RELATIONSHIP OF PIGMENT TO BACKGROUNDS OF VARYING ALBEDO 

COMPARISON OF CURVES FOR MELANIN AND GUANINE IN THE SKINS OF Gitella nigricans AFTER SUBJEC¬ 
TION OF THE FISHES FOR 4 MONTHS TO 5 BACKGROUNDS OF VARYING ALBEDO. ABSCISSAS = ALBEDOS, REGARD¬ 
ING WHITE (W) AS 100 PER CENT. ORDINATES = MG. OF THE PIGMENT PER GRAM OF WET WEIGHT OF FISHES. 

the physico-chemical mechanism by which interesting, as well as fundamental, biologi- 
these more rapid color responses are brought cal problems lie in this field, 
about has been subjected to an almost incred- After four months ’ subjection of one spe- 
ible amount of analytic study in the past half cies of fish, Qirella nigricans , to backgrounds 
century, until it has taken its place as one of of differing albedo (ratio of reflected to in- 
the outstanding problems of comparative ciclent light), I found that the amount of 
physiology. 11 black pigment (melanin) was about twice as 

Relatively very few such studies, on the great, per unit of weight, in fishes from the 
other hand, have been devoted to those pro- black bowls as in fishes from the wdiite ones. 13 
nounced quantitative changes in the amount The amount of the white pigment (guanine), 
of pigment present, or in the number of pig- on the contrary, was more than four times 
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as great in the white-adapted as in the black- 
adapted fishes. 14 Interesting series of inter¬ 
mediate values were shown in connection 
wdth the intermediate albedos (Fig. 4). 

This reciprocating relation between me¬ 
lanin and guanine in fishes was first pointed 
out, so far as I know, by Kuntz, nearly thirty 
years ago, and the matter was discussed 
somewhat later by a few other investiga¬ 
tors. 15 These writers recognized that dark 
backgrounds favored the production of me¬ 
lanin and inhibited the production of guan¬ 
ine, while pale backgrounds had the opposite 
effect. They did not, however, undertake to 
measure these substances or to establish any 
quantitative relations between the stimulus 
and the amount of the pigment formed. 

A third series of pigments, known as ca¬ 
rotenoids, figure in the color changes of 
fishes, though far less of a precise nature is 
known about them in this relation. These 
substances are yellow, orange, or red in color. 
The cells that contain them, known t as xan- 
thophores and erythrophores, respond, as do 
the melanophores and guanophores, to stim¬ 
uli received through the eyes. In some cases 
we have highly specific responses to the color 
of the background, as is well shown in the 
colored plates of Mast (op. cit.). Quantita¬ 
tive studies seem to indicate, however, that 
these specific responses of appearance relate 
only to the visibility of the pigment and that 
the actual quantity, at least of the yellow 
pigment xanthophyll, is not affected by the 
color (as distinct from the shade) of the 
background. Thus, more xanthophyll could 
be extracted from black-adapted fishes (6ft- 
rella, at least) than from yellow-adapted 
ones, even though the former appeared black 
and the latter distinctly yellow. 16 

It is important to recognize that the two 
substances here chiefly considered, melanin 
and guanine, though widely different chem¬ 
ically; agree in being products of the destruc¬ 
tive metabolism of protein. They are, 
broadly speaking, 4 'waste products,” and 
their elimination may be regarded as a proc- 
ess of excretion. 17 

/ The outstanding fact revealed by these 
d:peyimenfs is that the course of protein 
: metabolism, and the production of two im¬ 
portant metabolites, melanin and guanine, is 


strongly influenced by the visual field of the 
fish, and influenced in such a w r ay as to make 
for the animal’s concealment. These funda¬ 
mental organic processes are thus caused to 
change their course in the interest of super¬ 
ficial appearance, and this with no apparent 
effect upon the growth of the fishes. 18 

If these two pigments (three, if we follow 
Millot) actually function as excretory prod¬ 
ucts, it is surely surprising that the neces¬ 
sary excretory balance should be maintained 
through reciprocal adjustments in the pro¬ 
duction of substances so widely unrelated 
chemically. Plainly, there are physiological 
(shall we not say psychobiologieal f) prob¬ 
lems here that call for extensive future 
investigation. 19 
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FOSSIL PLANT MINIATURES OF MAZON CREEK 


By RAYMOND E. JANSSEN 


the northeastern part of Illinois, about 
sixty miles southwest of Chicago, an exten¬ 
sive coal seam lies close to the surface. To¬ 
day this seam is being* mined by the strip 
method of coal recovery. Immediately over- 
lying the coal seam proper are layers of 
shale that have supplied science with a 
superabundance of fossil plant remains. 
This area, known as the Mazon Creek Region 
of Illinois, a name derived from a small 
stream flowing through that section of the 
state, has become world-famous for the excel¬ 
lent coal plant fossils which have been found 
there. As a general rule, the plant remains 
are so well preserved that surface details, 
such as tiny veinlets, hairs, and other struc¬ 
tures, can be studied almost as easily as those 
of living plants, even though they have been 
buried for a quarter of a billion years. 

These fossil plants owe their remarkable 
preservation to an unusual form of entomb¬ 
ment in the shales. Each individual plant 
fossil, whether it be a single leaflet, a branch 
of leaves, or a stem, is here found enclosed 
in a specially constructed stone crypt made 
by Nature to fit the enclosed plant body. 
Each is “hermetically sealed/’ but is readily 
split open when given a sharp blow. 

These stone crypts, termed nodules, or con¬ 
cretions, by geologists, vary in size and shape 
according to that of the enclosed fossil. The 
smallest are round or oval in shape and are 
about the size of a marble or walnut. The 
larger ones are usually elliptical, being sev¬ 
eral times longer than wide, with maximum 
lengths approaching twenty inches or more 
and widths up to six inches. The larger ones 
generally contain complete plant parts, such 
as a fern frond, a leafy tree branch, or an 
entire section of stem or trunk (Fig. 1). The 
smaller ones contain single units, such as 
seeds, tiny individual leaflets, buds, or imma¬ 
ture portions of plants. The uninitiated 
observer invariably inquires how the fossil 
plants became entombed within the concre¬ 
tions which, to all outward appearances, are 
nothing more than ordinary stones or peb¬ 
bles. Actually each stone nodule grew 


around a buried plant fossil, effectively en¬ 
closing it in a stony coffin. 

In order to visualize the manner in which 
the fossils were formed, we must first picture 
this region of Illinois as it appeared during 
the Great Coal Age when these plants flour¬ 
ished. At the outset, the existence of a vast 



FIG. 1. A FOSSIL FFRN PINNA 


REPRESENTS AN AVERAGE-SIZED CONCRETION HAVING 

A complete pinna op Asterotheca miltoni artis. 
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FIG. 2. NEVEOPTERIS, MOST ABUNDANT GENUS IN THE MINIATURE CONCRETIONS 
A. TERMINAL LEAFLET OP N, fleXUOSCL STERNBERG. B . LATERAL LEAFLET OF N. flUXUOSCL. C. TERMINAL POR¬ 
TION of pinna of N. rarinervis bunbury. B. nut-like hitsk of seed-fern, Carpolithus noei janssen. 
E. terminal leaflet of N. scheuchtseri hoffmann. F. pair of basal leaflets of N. scheuchzeri. G . ter¬ 
minal AND TWO LATERAL LEAFLETS OF N. fleXUOSa STERNBERG. ALL ARE ILLUSTRATED IN NATURAL SIZE. 


tree-covered swampland is indicated by the 
coal seam itself which consists of the closely 
compressed plant remains of the former for- 
est. This swampland was later inundated 
by the sea, possibly forming a great bay or 
estuary in this particular locality. A former 
riyer of that age apparently entered the sea 
at this point, depositing delta sediments of 
mud and silt on top of the dr o wned swamp- 
land. Interbedded with the layers of mud 
and silt were numerous fragments of trees, 
ferms^ apd other plants which had drifted 
down the stream from highlands farther 
atray. In this way the plant fragments be¬ 
came imbedded in the delta deposits as iso¬ 


lated, scattered units rather than as thick 
masses of plant debris such as comprises the 
underlying coal seam proper. At a later 
time, the layers of mud and silt hardened 
into strata of shale, and the entire region 
was dried by uplift of the land. 

In the ages which followed, ground waters 
percolating through the shales brought dis¬ 
solved mineral matter into contact with the 
plant remains which had been buried in the 
layers of shale. This dissolved mineral mat¬ 
ter, when coming in contact with a buried 
plant, reacted with the organic* compounds 
to f orm new minerals in the immediate vicin¬ 
ity of the buried body. ■* In this way each 
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isolated plant fragment acted as a nucleus 
around which, a concretion was formed, en¬ 
closing the plant in its own individual stony 
tomb. The mineralization which thus took 
place in the shale surrounding the plant 
nucleus usually extended from a small frac¬ 
tion of an inch to an inch or more in all 
directions round about the plant. Thus a 
concretion roughly approximates, in shape 
and relative size, the enclosed plant part. 
The chemical reactions which occurred in the 
production of the concretions produced iron 
oxides, thereby causing the concretions to be 
much harder than the shales in which they 
were formed. For this reason the concre¬ 
tions are frequently called ironstones. 

Since the larger concretions contain the 
larger fossils which are more readily exam¬ 
ined, more attention has heretofore been 
devoted to them in studies of the fossil 
plants. Recent strip mining operations on a 
great scale, however, have uncovered increas¬ 
ing numbers of the miniature concretions. 
When placed on display, as in museum ex¬ 
hibits, these miniature concretions have 
attracted unusual attention. Perfectly pre¬ 
served in minutest detail, these fossil minia¬ 
tures may be likened to exquisitely carved 
cameos, wherein the tiny veins and nervules 
of a leaflet stand out in bold relief against 
the stony matrix. 

In order to evaluate the variety of flora 
represented in the miniature concretions, a 
study was made of an assemblage totalling 
440 miniatures ranging in size from a half 
inch to about one and three-quarters inches 
in diameter. The types of plant fragments 
found in them w r ere as follows: 


Fern leaflets . 307 

Fern seeds . 9 

Tree leaves . 28 

Tree seeds . 8 

Rushes (stems and leaves) . 83 

Herbs (stems and leaves) . 5 

Total . 440 


Fern foliage has always predominated in 
any representative collection of coal plant 
fossils, and for this reason the great coal age 
has often been called the Age of Ferns. 
Among the miniature concretions this pre¬ 
dominance is even greater, and can be ac¬ 
counted for by the nature of the fern foliage 


itself. A single fern leaf is called a frond, 
and each frond is subdivided into one or 
more series of branclilets, termed pinnae. 
Each pinna, in turn, consists of many indi¬ 
vidual leaflets, or pinnules. As the fallen 
fronds drifted down the watercourses of 
their time, they readily separated into their 
ultimate parts, each tiny pinna or pinnule 



FIG. 3. VARIED FERN FOLIAGE 

A. Asterotheca hemitelioides brongniart. 

B. Diplothmema furcatum brongntiart. 

C. Odontopteris aequulis lesquereux. 

D. Asterotheca miltoni artis. 

then becoming isolated and eventually being 
preserved in a miniature concretion. 

Modern research has shown that many of 
these so-called ferns were not true ferns as 
we know them today. True ferns reproduce 
by means of spores borne on the undersides 
of the leaflets. The majority of the coal age 
ferns did not bear spores, but reproduced 
by means of seeds. These seeds resembled 
modern nuts in size and appearance add 
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FIG. 4. LEAFLETS OF ALETEOPT&RU S Y 

A . immature leaexet of A. writ brongniart. 

B . MATURE LEAFLET OF A. SefU BRONGNIART. 

C . IMMATURE PINNA OF .4. SUllivantl LESQUEREUX. 
2>. MATURE LEAFLET OF A. Sllllivanti LESQUEREUX. 

were borne at the tips of the pinnae (Fig. 
2, D). In order to designate these plants 
from true ferns, they are termed seed-ferns. 
The proportions, as represented in the minia¬ 
ture concretions, are about two-thirds seed- 
ferns to one-third true ferns. 

The majority of the seed-ferns are repre¬ 
sented by a single genus, Neuropteris (Fig. 
2), which accounted for 168 of the 307 fern 
leaf specimens in this collection. Neurop- 
'‘.tyris has pinnules that are more or less oval, 
or tongue-shaped, with cordate, or heart- 
shaped, bases. Entering the base, at the 
point of attachment of the pinnule, is a 
single vein that thereafter subdivides into 
numerous secondary veinlets which arch to 
the margins. Each secondary vein may fork 
from one to many times before reaching the 
" leaflet margin^ 

Among ! the true ferns, * the majority are 
represented also by a single genus, Astero- 


theca (Fig. 3, A, D), which accounted for 80 
of the 307 fern leaf specimens. Asterotheea 
differs from Neuropteris in having its pin¬ 
nules attached to the stems by their entire 
breadths. Each pinnule has a midvein ex¬ 
tending the full length from base to apex. 
Numerous lateral veinlets branch off the 
midvein at almost right angles to it, and 
these, in turn, may be simple or may fork 
from one to several times before reaching 
the margins. 

Occupying a position more or less midway 
between Neuropteris and Asterotheea is the 
genus Alethoyteris, a seed-fern (Fig. 4). 
Its leaflets more closely resemble those of 
Asterotheea than any other form. It differs 
from the latter, however, in having the leaf¬ 
lets either more linear or more obtuse in 
shape; also their bases are frequently decur¬ 
rent, that is, joined to one another at their 
points of attachment along the stem. Since 
Alethoyteris is a seed-fern, actually it is 
more closely related to Neuropteris than to 
Asterotheea . Among the miniature concre¬ 
tions, this genus accounted for only eighteen 
of the 307 specimens of fern leaflets. 

Next in order of abundance among the 
fossil plant miniatures are those represent¬ 
ing leaves and stems of gigantic rushes, 
known as Calamites (Fig. 5, C-F). These 
forms grew along the watercourses of their 
time just as bullrushes and bamboos do to¬ 
day. Many of the individuals attained the 
dimensions of trees, reaching heights of fifty 
feet and diameters of two feet. Their trunks 
were jointed at intervals, some species giving 
off leafy branches at every joint, and others 
only at distant joints. Because of the ordi¬ 
narily large sizes of these plants, they usu¬ 
ally are represented by large fossils. Their 
relatively small leaves and portions of tiny 
branches, however, accounted for 83 of the 
440 miniature specimens studied. The leaves 
of Calamites were borne in rings, or whorls, 
completely around the slender branches. Be¬ 
cause of their characteristic appearance, they 
have frequently been called fossil asters by 
coal miners. They are classified under two 
fossil genera, Annularia and AsterophyHites, 
depending upon their relative proportions of 
width and length. Reproductive spores were 
borne in cones carried at the tips of the 
branches (Fig. 5, A). 
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JI]J Bf f]' FIG. 5. CONES AND LEAVES FROM VARIOUS RUSHES AND HERBS 

A . Macrostachya, a spore-bearing cone op Calamites. B. Paleostachya, A spore-bearing cone op Sphe~ 
nophyllum. C. Annularia stellaia martin, a leap whorl of a calamite rush. I). Annularia galioides 
LINDLEY & HUTTON, LEAP WHORL OP A CALAMITE RUSH. E. Asteropliyllites equisetiformis SCHLOTHEIM, CALA¬ 
MITE LEAP whorls. F . Annularia sphenophylloides zenker, calamite leap whorls. G. Sphenaphyllum 
emarginatum brongniart, leap whorls op a small herb. all are pictured in natural size. 


The trees of the coal age are represented 
among the miniature concretions almost en¬ 
tirely by leaves, seeds, and bracts. Trees 
of that age were comparable in size to the 
average forest trees of today, reaching 
heights in excess of a hundred feet and trunk 
diameters up to six feet. Their leaves, how¬ 
ever, were markedly different from those of 
most modern trees, being long and grass-like 
in appearance. Only the very small and 
undeveloped leaves are represented in the 
miniature concretions (Fig. 6, 0). More 
numerous than the leaves, as miniatures, are 
the bracts, or scales, which protected the 
spore cases of the reproductive organs (Fig. 


6, B). These were borne on cones, ranging 
in size from three inches to a foot or more 
in length, somewhat similar in general ap¬ 
pearance to the cones of modern pine trees. 
Hence, we find that most of the coal age trees 
reproduced by means of spores, whereas most 
modern trees produce seeds or nuts. This is 
the exact opposite of the ferns, wherein all 
modern ones reproduce by spores, but most 
of the coal age forms produced nut-like 
seeds. 

Belativelv rare among the coal age trees 
were a few which bore true seeds, known as 
Cordaites. The branches were clothed in 
very large, sfemless, strap-like leaves, and 
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FIG. 6. FOSSILS FROM COAL AGE TREES 

A. Cordawarpus, seed of the Cordaites trees. 

B. Lepidostrol)op]iyllum ovatifolium lesquereux. 

C. Lepidophyllum longifolmm brongniart. 

D. Lycop^dites meeJei lesquereux. 

bore catkins which produced .the seeds. 
These seeds were small, rounded, flattened 
disks which were surrounded by a thin wing, 
some species of which resembled modern elm 
seeds (Fig. 6, A). Presumably, as in the 
ease of modern tree seeds of this general 
( type, the wing was an aid in dispersal by the 
,,wihd* 

Barest among the miniature concretions, 
and represented by only five specimens of the 
,total Of 440, is a herbaceous plant known as 
\\'/Mpkefpphyilurn., This rather delicate plant 
was relatively small in size, seldom attaining 
heights of. more than two feet. The leaves 
■■’■d? were more or less triangu¬ 

lar, or wedge-shaped, and were borne in 


whorls of six to twelve at intervals along 
the slender stems. One or more veins entered 
the base of each leaf, forking repeatedly until 
a final single veinlet extended to the mar¬ 
gin of each segment of the leaf (Fig. 5, G). 
Small upright cones, borne on the tips of the 
branches, produced the reproductive spores 
(Fig. 5, B). 

The miniature concretions of Mazon Greek 
contain nearly fifty fossil plant species. 
This does not mean, necessarily, that an 
equal number of coal age plants is repre¬ 
sented. When dealing with living plants, 
the scientist can study all of their parts to¬ 
gether. But when working with fossils it is 
unusual to find complete plants, even among 
the largest specimens. This is true more 
often of the miniature concretions because 
most of them contain only the smallest unit 
of a plant fragment. Since it is not always 
possible to piece fossil units together and 
reconstruct a complete plant, it has become 
necessary to describe various forms under 
distinct generic and specific names. Hence, 
units with different names may actually have 
belonged to the same plant. Occasionally, 
among very large specimens, fossils will be 
found which prove that fragments hereto¬ 
fore described as distinct species were actu¬ 
ally parts of the same plant. It then be¬ 
comes possible to reclassify such fragments 
more accurately. The miniature specimens 
herein discussed have, so far as possible, been 
identified by comparing them with larger, 
more nearly complete fossils of the same 
corresponding types. 

Typical examples of the miniature con¬ 
cretions, which have been split open to reveal 
their fossil contents, are here reproduced in 
natural size. Also, all have been photo¬ 
graphed in their natural condition without 
benefit of any coloring or contrasting sur- 
ficial material, nor have the photographs 
been retouched in any way. The dark color 
of many of the plant impressions in contrast 
to the lighter stone background of the con¬ 
cretions is caused by the plants having been 
converted to carbon—a form of mummifica¬ 
tion in which the plant body has become a 
veritable tissue-paper-thin layer of coal. The 
remarkable clarity of their details, in spite 
of their tremendous age, makes them unique 
gems of fossil preservation. 



THE SAVAGE SERIS OF SONORA—I 


By EDWARD H. DAVIS AND E. YALE DAWSON 


When the Seri Indians pass into extinc¬ 
tion, 4 'good riddance” will be voiced by 
many a Mexican, for centuries of warfare 
against the invaders of their inhospitable 
lands have made this small tribe notorious 
among the aborigines of Mexico. Many 
people will be ignorant of their passing, but 
a few of us even now watch with some regret 
the losing struggle of their diminishing num¬ 
bers against the spreading civilization that 
tramples out the wild things and destroys the 
natural features of the earth. With the Seri 
goes a link with a past, primeval age of 
nature in America, for these are a strange 
and primitive people, a people whose lives 
and habits assign them to the initial place in 
the scale of cultural development among 
American Indians, and hence to the lowest 
recognized phase of savagery. 

In 1540 one of Coronado’s officers was the 
hirst to capture and bring into the army 
encampment in Sonora a Seri warrior, an 
Indian so large and tall that his stature cre¬ 
ated a sensation among the Spanish soldiery. 
It was three and a half centuries, however, 
before the Seri tribe was finally subjugated 
by an invading force, and then only after the 
slaughter of nine-tenths of its population. 

In modern times, though the encroachment 
of settlements has forced the Seris into do¬ 
mestic contact with the Mexican people, few 
outsiders have ever come to know them. 
Until the fishing village of Kino was settled 
some ten years ago, there were only two men 
they counted real friends among aliens. The 
senior author was one of those. Today the 
Seri not only must tolerate the encroachment 
of the Mexican, but must suffer from im¬ 
ported diseases which are gradually destroy¬ 
ing him. The present life of the Seri is but 
an echo of its past, but in this modern world 
the habits of the survivors of America’s most 
primitive people are none the less astonish¬ 
ing. Their gradual acquisition of modern 
implements and materials has gone along 
with centuries of warfare and bloodshed, and 
their submission to law entails a long story 
-of violence. Before considering these more 
.recent phases of their history, however, let 


us first acquaint ourselves with the life and 
habits of the Seri before the Spaniard trod 
upon his thorny land. 

His homeland speaks first of isolation. 
Tiburon Island, in the Gulf of California, 
and the adjacent coast of Sonora are prO- 



ITG. 1. CHICO ROMERO, SERI CHIEE 

WEARING A KILT OF PELICAN SKINS WHICH USED TO 
BE THEIR ONLY MATERIAL FOR GARMENTS. NOTE THE 
CORD MADE OF HUMAN HAIR CARRIED IN THE HAND. 

tected on one side by stormy seas and on the 
other by even more forbidding deserts. The 
natural isolation of this habitat set its people 
apart from all other human beings, and the 
two or three thousand Seris, wandering be¬ 
tween their desert island and the mountain- 
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RIG. 2. THE PELICAN SKIN ROBE 

A TYPICAL WOMAN’S GARMENT BEFORE THE ADVENT 
OF THE COTTON CLOTH AND RAGS THAT REPLACED IT. 


bounded coastal plain, lived a life so inde¬ 
pendent and so oblivious of the outside world 
that they might well have been on another 
planet. 

The hard,, inhospitable natural environ¬ 
ment afforded by Seriland long ago moulded 
the characteristics of its people and their 
whole mode of life. The distance between 
reliable food sources in the sea-and supplies 
of fresh w^ter created a pedestrian habit 
whereby they acquired a remarkable fleet¬ 
ness of foot and tremendous physical endur¬ 
ance against thirst and weariness on the 
trail. The monotonous sea-food diet induced 
a wandering,roving life in search of game 
tod vegetal produce to supplement their 
^ taeage*','rations. 1 ,They became a homeless, 
■ bmfdtoAeaying ".people* wandering in family 


groups or clans between the walerholes and 
their temporary dwellings by the sea, chas¬ 
ing for game or searching for cactus fruits, 
i sleeping wherever weariness overtook them, 
or where the successful end of a hunt left 
them gorged and drowsy. Under a climate 
where frost is almost unknown they needed 
no protection except from the sun, and built 
no % other dwellings than their brush-heap 
j avals (Fig. 3). Living in animal-like sav¬ 
agery, without commerce or industry, the 
Seri’s every bodily character and function 
were directed toward the provision, day by 
day, of the food and water necessary for life. 

Potable water, a commodity so abundant 
in most regions as to divert conscious atten¬ 
tion from its paramount role in physiologic 
function and in industrial economy, attained 
in Seriland the primary place of importance 
because of its rarity. In that arid land it is 
scanty to the extreme. Two thirds of the 
meager supply is confined to a single rivulet 
in the interior of Tiburon Island (Fig. 4). 
Because of this and other widely separated 
aguajes within the island whose shores pro¬ 
vided the greater part of their food resources, 
the Seris early found this island the most 
tolerable habitat in their desolate realm. 

The most conspicuous single article in the 
dietary of the Seri, and undoubtedly that 
which first determined the location of his 
habitat, is the green sea turtle which is 
abundant throughout the Gulf of California, 
but particularly so in the narrow channel 
between Tiburon Island and the mainland. 
There the shallow r lagoons abound with its 
marine grass food plant, and the sandy 
beaches provide optimum conditions for egg 
laying and hatching. In consequence of this 
natural provision for abundant food, easily 
obtained, perhaps half the aggregate life of 
the Seri tribe came to be spent within easy 
reach of the feeding and breeding grounds 
of the turtle. 

The most extensive and permanent of all 
Seri communities w y as established on the 
channel side of the island, just back of the 
lagoon in which the turtles feed and whose 
sands provided eggs and the succulent flesh 
of newly-hatched turtle young. When fe¬ 
males could not be captured at the laying 
grounds, the big chelonians were speared 




FIG. 3. THE SERI HOME—A BOWER OF BRUSH 


from graceful balsas made of earrizo canes channel separating their island habitations 
bound together with mesquite fiber cords from those on the mainland. 

(Pig. 5). On these buoyant craft, too, they In pre-Columbian times the turtle fish eries 
navigated freely the narrow but stormy of the channel must have supported several 
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FIG. 4. AN AGUAJE ON TIBURON ISLAND 

THE PRINCIPAL WATER SUPPLY AND SOURCE OF THE CARRIZO REED USED IN CONSTRUCTING THE BALSA. 
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hundred Seris at a time. They lived in of four miles by a rough and stony trail. In 
maternal groups or clans in which the eider othei* parts of the island, habitations were 
females were of great prominence in the occupied as distant as 15 miles from the 
management of everyday affairs. When, in nearest watering places. Under these con- 
the wanderings of a family a new camp was ditions the Sei’is became essentially and pri- 
decided upon, the elder matron usually marily water carriers, and all their other in- 
erected the jaeal alone, without the aid of dustries were suboi dinated to this function, 
men or boys, gathering the long' poles of the They learned to economize on water carry- 
ocotillo or the branches of desert trees and ing by gulping incredible quantities on their 
fashioning them into an arched framework occasional visits to the aguajes, yet, more 
over which a covering of brush, and often than half of the water required in their vital 
later of turtle shells, served to give protee- economy was consumed after transportation 
tion from the desert sun. After the house- over distances of four to twelve miles. The 
hold was prepared, she took her place within women were ordinarily the water bearers and 
easy reach of the meager and squalid family for this important business manufactured a 
possessions, and around this nucleus other distinctive vessel for the purpose. From fine 
matrons and their children gathered in the adobe clay they hollowed, expanded and 
course of a day or two. It was usually three shaped by manipulation with the fingers and 
or four days, and sometimes a week, before without the aid of implements of any sort, 
the brothers and husbands came wandering a large olla of remarkably light weight in 
in from their roving search for food to take proportion to its capacity. Its mouth was 
their places at the new camp site. made no larger than the hand that shaped it, 

From the turtle fishing camps on the chan- thus to prevent spilling on the trail. From 
nel, the nearest fresh water was at a distance yucca fiber a cylindrical cushion was also 



’ ./ ! : , : FIG. 5. THE NATIVE BALSA MADE OF CABBIZO HEEDS 

PHOTOGRAPHED IN 1922 3 THIS WAS THE LAST BALSA MADE BY THE SERIS. IT IS ONE OF THE SMALLER ONE- 
; MAN BALSAS FROM WHICH TURTLES WERE SPEARED WITH THE LONG-SHAFTED IMPLEMENT PICTURED HERE. 




■FIG. 6. DOMESTIC SCENE IN A SERI VILLAGE 


fashioned to fit the head (Pig. 7) and to aid 
in balancing the forty- to fifty-pound water- 
filled olla as it was carried over the rough 
and hilly trails from aguaje to jacal. (It is 
not certain whether the use of the shoulder 
pole, or palanca, was a part of original Seri 
culture, but in more recent times two water 
vessels were frequently carried, hung from 
either end of the notched pole.) 

While the tasks of supplying water and of 
manufacturing the vessels used in its trans¬ 
port were generally delegated to the women 
and children of the household, the building 
of the balsa was an undertaking that re¬ 
quired the co-operation of the entire group/ 
The carrizo canes were first gathered by the 
women and boys from the patches growing 
about the few permanent fresh waters of 
Seriland (Pig. 4). The leaves and tassels 
of the canes were removed by hand and the 
canes tied in bundles for carrying to the 
shore. There the men proceeded to lay, over¬ 
lap, interlace and bind the canes into a larger 
and larger cylindrical bundle, tapering at 


the extremities. Throughout the process the 
cord used for lashing was laboriously made 
by hand and mouth by the women who ob¬ 
tained the fibrous raw material from mes- 
quite tree roots, from the yucca or the 
maguay. Three of the finished bundles were 
lashed together to form a watercraft some 
thirty feet in length and of four-foot beam. 
These large balsas were buoyant enough to 
carry several members of a family across El 
Infiernillo channel. One-man balsas were 
also made (Fig. 5) principally for use in 
turtle fishing. 

Except during the egg-laying season 
turtles had to be sought from the balsa. The 
Seris lacked tool sense in the extreme, but 
their clumsy brains had devised a harpoon 
for use against the turtle. The hard, pene¬ 
trating point was commonly made of native 
ironwood, but may also have been the sharp¬ 
ened tooth of a sea lion or the shin bone of 
a deer. It was fitted an.d firmly cemented 
with mesquite gum to a short, hardwood 
foreshaft whose rounded end fitted into the 
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PIG. 7. CARRYING WATER FROM A DESERT AGUAJE 


ten- to twelve-foot main shaft. A stout cord 
was knotted to the foreshaft and carried 
along the main shaft to the hand of the user. 
When, from the quietly floating balsa, a 


turtle was seen lying in the water, the fisher¬ 
man stealthily brought his spear-point over 
the carapace of the unsuspecting animal and 
then, with a sharp thrust, drove the point 



FIG. 8. STRETCHING AND DRYING THE PELICAN SKIN ROBE 
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through the shell. The foreshaft was jerked 
out at the first movement of the animal which 
was held by the fisherman’s line until tired, 
after which it was either driven ashore or 
lifted onto the balsa. 

No sooner was the quarry landed than the 
soft undershell was crushed and broken loose 
with a cobblestone £ £ hupf,’ ’ and then torn off 
by the tribespeople with the impetuous fury 
of blood-crazed carnivorous beasts. The en¬ 
trails and soft, bloody gore were first con¬ 
sumed, followed, depending upon the prox¬ 
imity of the last meal, by the firmer flesh, 
all but the infants of the household pound¬ 
ing, tearing and chewing their raw, grisly 
chunks, stopping to singe or half roast larger 
pieces only if near satiety. If immediate 
consumption of the prey was not accom¬ 
plished, the remnants were carried to the 
rancheria and there lifted to the top of the 
jacal to soften in the sun. The reeking cara¬ 
pace was often left indefinitely beside the 



Photo by J. B. Harrison 

FIG. 9. PITAHAYA AND SAGUESO CACTI 


PROVIDE A RICH HARVEST OP FRUITS IN SUMMER. 



FIG. 10. SERI BELLE 

WEARING A PAINTED DESIGN SUCH AS FORMERLY 
WAS INDICATIVE OF THE BLOOD LINE OF A GIVEN CLAN. 


hut, the rotting flesh and cartilage of its 
noisome interior to be explored and mouthed 
by the toddling children or gnawed by the 
cringing coyote-curs attached to the ran¬ 
cheria. 

At certain seasons or when deemed pro¬ 
pitious by the elders of the family, a pelican 
harvest was planned. Isla Tasne, some fif¬ 
teen miles from Tiburon Island, is the haunt 
and breeding ground of the pelican that 
served not only as a valuable food supply for 
the Seris, but also as the chief source of 
apparel. At such seasons temporary ran- 
cherias were set up on the shores of Bahia 
Kino, and when conditions were favorable, 
or when hunger prompted them, the balsas 
would be launched in the evening toward 
Isla Tasne, the women of the party lying 
prone on the cane bundles and propelling the 
craft by paddling with their hands or with 
large hatchet clam shells. Reaching the 
island after dark, the balsas were left in 
charge of the women while the men and 
older boys, armed with clubs, crept up over 
the slippery, guano-covered rocks to rush on 
the roosting fowls and slaughter them. The 
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FIG. 11. PAINTING THE FACE 

USING A RED PIGMENT OBTAINED PROM THE TOROTE. 


liee-infestecl carcasses were then gathered 
and brought to a central place among the 
stinking rocks where a gluttonous feast was 
held in the dark, the long ahungered tribes¬ 
men gorging themselves with the soft entrails 
and succulent parts, and carousing in the 
carnage until overcome by slumber. 

The day following the slaughter, the 
matrons collected the carcasses -with least 
damaged plumage and carefully removed the 
skins, which were then gnawed and sucked 
'■jdtean"of flesh and grease and dried in the 
suh (Fig. 8). From two or more of these 
skins they made a kilt or robe (Figs. 1, 2), 
the principal apparel, not so much for pro¬ 
tection from cold as from the scratch and 
prick of the abounding spines and thorns of 
Seriland. The skins were sewed with sinew 
and often held in place on the body by a 
cord made of human hair (Fig. 1), the 
culture of their long, luxuriant hair, indeed, 

; an, 'important 1 ' matter.' They brushed 
1,1 :fh% hair regularly with a brush fashioned 


from coarse, wiry grass stems, and saved all 
the brushings to be used in the making of 
strong threads and cords. 

The fleetness of foot and remarkable physi¬ 
cal endurance of these people attest to the 
rigorons and difficult life in Seriland where 
the ability of an individual to survive a sea¬ 
son of want depended upon the reserve 
energy of his own body by which he could 
carry himself long distances in search of food 
and yet have strength to return to a water- 
hole, left miles behind. The slender, sinewy 
limbs and capacious chests of the Seris, in 
whom no trace of obesity has ever been ob¬ 
served, show clearly the result of untold 
centuries of selection of the strong by the 
severity of the environment, where water, 
too heavy for transport, too difficult of stor¬ 
age, is yet always within reach of an organ¬ 
ism strong enough to journey ten, twenty, 
or even fifty miles in search of it. 

Perhaps the most severe physical exercise 
practiced by the Seris was the chase of ani¬ 
mal game, particularly since it was often 
resorted to only after a period of weakening 
hunger which prompted the all-out effort to 
obtain adequate food supply. Days of 
wandering over the deserts in search of vege¬ 
table food were sometimes unrewarded, and 
although rabbits were to be had for the chase, 
they were too small to be of much conse¬ 
quence in the feeding of a family. The deer 
were fairly plentiful and provided excel¬ 
lently for a lasting feast. 

The deer hunt was conducted by several 
tribesmen without weapons. When an ani¬ 
mal was sighted it was followed by one and 
circled by others of the party, chased until 
frantic and exhausted, whereupon one of the 
men rushed upon it, threw it to the ground 
and caved in its skull with a stone. 

The most avidly sought prey in the Seri 
chase were the helpless young and heavily 
pregnant does which were pursued and rent 
to fragments with a horrible fury, particu¬ 
larly with intent upon the succulent tidbits 
afforded by the fetal flesh. 

A time of ease and plenty came each sum¬ 
mer, for usually in late May or June the 
cactus plants with which Seriland abounds 
begin fo mature their fruits. In the foot¬ 
hills of Sierra Seri on the mainland, great 
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forests of giant cacti (Fig. 9) provide during 
this season an unlimited supply of “ pita- 
hayas” toward which the tribespeople cus¬ 
tomarily moved to accomplish the annual 
harvest. The fruits were readily knocked 
down by means of long poles and, when ripe, 
the spines were easily brushed off, leaving 
a luscious pulp as big as a fig. During the 
height of the season all the clans withdrew 
from the coast and gave their undivided 
attention to the collection and consumption 
of the cactus fruit, gorging tremendous 
quantities for weeks until waning supply 
and cloying appetite drove them back to the 
more severe hunt for turtle and pelican. 

Perhaps the only germ of thriftiness in the 
Seris is shown by a peculiar custom with 
respect to the pitahayas. The fruits, eaten in 
such enormous quantity, were imperfectly 
digested, the hard-coated seeds particularly 
passing through the body unchanged. Using- 
large seashells, the feces containing these 
seeds were collected and preserved with some 
care. Thus, when the harvest of fresh fruits 
w T as over, there remained a hoard of these 
dry, nutritious discharges which were ground 
on the stone ahst, winnowed in a shallow 
basket and made into a meal to be eaten, 
either dry, as a watery atole, or mixed with 
turtle grease to form a thick paste. 

Although the Seri's omnipresent problems 
of food-getting and of personal subsistence 
have been of particular interest, the lost 
social customs of the tribe deserve a mo¬ 
ment's attention. Before the death of all 
but a few of the 2,000-3,000 Seris at the 
hands of invading Spaniard and Mexican, 
the tribe consisted of a number of conspicu¬ 
ous maternal clans, each of which -was pre¬ 
sided over by a zoic tutelary such as the 
Pelican, the Turtle, the Rattlesnake, or the 
Badger. The totemic symbols denoting the 
various beast-gods and incidentally indicat¬ 
ing the blood-carriers of clans dedicated to 
them, consisted of elaborate designs painted 
upon the face (Fig. 10). In accord with 
their savagery in which the social organiza¬ 
tion was based on blood kinship reckoned in 
the female line, under ordinary circum¬ 
stances, the faces only of the females were 
painted. Colored minerals pounded to 
powder afforded the pigments for the paint- 



PIG. 12. SERI MOTHER AND BABE 

SERI MOTHERS COMMONLY HAVE TOO MUCH MILK ANb 
FREQUENTLY RELIEVE THEMSELVES BY SUCKLING AN 
ORPHANED PUPPY OR SOMETIMES EVEN A BABY PIG- 

ing, and were carried in cane tubes. The 
paints were carefully prepared, applied, and 
preserved, and, as indispensable feminine 
accompaniments even on the longest jour¬ 
neys, w r ere among the most highly prized of 
the people’s possessions. The importance of 
the face-painting custom, established in the 
old tribal life, remained strong even as the 
slaughter of the warring tribe progressed 
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and the maternal elans disappeared. Today, 
■with the entire tribe numbering no more 
than 150 persons, the meaning of the painted 
symbols has become vague and meaningless 
with respect to the nonexistent elans, yet the 
custom persists, now largely for personal 
adornment, and even a male tribesman may 
sometimes be seen squatting before little 
dishes of pigments, peering into a ten cent 
store mirror as he carefully applies the 
colors (Fig. 11). 

Had it not been for the Seris’ intolerance 
of aliens they might today constitute a nu¬ 
merous and thriving people, or at least have 
been absorbed by the polyglot Mexican popu¬ 


lation, but as the Ishmaelites of America 
they brought misery and death upon them¬ 
selves by an unwavering belligerence toward 
all outsiders. The history of their centuries 
of bitter contest against the forces of law in 
Sonora is a bloody one, but whatever has 
been the extent of their wanton looting and 
murder, there is one crime of which they 
have long been unjustly accused. Sonora is 
full of legend and tale of “los eanibales,” 
but no convincing evidence has ever come to 
light proving that the Serbs ever practiced 
cannibalism. Of course, it could be argued 
that the only ones who might have proved 
it were killed and eaten. 


(To be concluded ) 


FEBRUARY AUTHORS 


On the left is a photo¬ 
graph of Professor 
Michael Polanyi and on 
the right, one of Profes¬ 
sor J. J. Davis. These 
are published here be¬ 
cause they were not 
received in time for 
inclusion in the Feb¬ 
ruary issue. Professor 
Polanyi of Manchester, 
England, is known in 
this country for his 
leadership in Britain in the establishment and 
development of the Society for Freedom in Sci¬ 
ence. His opposition to government control is 
discussed in his article on “The Autonomy of 
Science,” published in the, February issue. Re¬ 
garding this question President James B. Conant 
of Harvard said recently (Chemical and Engi¬ 
neering News 22: 1644, 1944): “Let us . . , 
enter our university laboratories to consider their 
future in the postwar world. In so doing we 
cannot close the door with a bang on applied 
science,! for one of the burning topics of the day 
is how far scientists in universities should be con- 
eerbed with the applications of science to meet 
human needs. And here we again find strong 
differences of opinion among scientists themselves. 
Indeed, On the basic issue of the relation of the 
scientist to Society we find two rival groups in 
England forming two separate scientific associa¬ 
tions:' pne looking in the direction pointed out by 
ProfhsSo^ Bernal in his writings; the other follow¬ 
ing fihe lehd of Professor Polanyi. Developments 
M these opposing eanaps wiH bear watching 
in'the 




Professor J. J. Davis 
is one of the most 
energetic entomologists 
in this country. He has 
the distinction of hav¬ 
ing served as president 
of both the Ameri¬ 
can Association of Eco¬ 
nomic Entomologists 
and of the Entomologi¬ 
cal Society of America. 

Although he carries on 
the varied duties of 
chief of entomological teaching and of experi¬ 
ment station research in economic entomology at 
Purdue, he has found time to serve also as the 
godfather and guide of the National Pest Con¬ 
trol Association, which he described in the Feb¬ 
ruary issue. He was the first entomologist to 
make it possible for practical pest control opera¬ 
tors to receive university instruction on the iden¬ 
tification of insects and on insect control. He 
did this by establishing at Purdue a pest , control 
operators’ conference, which is held for several 
days in January of each year. On the future 
of pest control services Professor Davis writes: 
“There is an increasing demand for pest control 
service and consultation. Along with the needs 
for structural and household pest control service, 
the public is asking for service in adjacent fields, 
including the control of pests attacking trees and 
shrubs, gardens and lawns. And people want re¬ 
lief from insects that annoy them during outdoor 
concerts, plays, and sports. This enlarging field 
will cap more and more for academically trained 
personnel of professional standing.” 


AGRICULTURE IN THE MATANUSKA VALLEY 

OF ALASKA 


By DON L. IRWIN 

The Matanuska Valley comprises a very There are considerable variations in tern- 
small part of the vast region of the Territory perature, precipitation, wind direction, and 
of Alaska, its area being approximately that velocity within relatively short distances in 
of the State of Rhode Island. The valley the valley. Normally the prevailing winds 
reaches to tide water, at the extreme north- are from the northeast and east-southeast, 
eastern end of Cook Inlet, 125 miles north The composite influences of the air currents 
of the Gulf of Alaska. Its approximate lati- from the cold Bering Sea on the west,, the 
tude is 61 degrees 34 minutes north, and the Japanese Current on the south, and the dry 
Seward Meridian at 149 degrees 22 minutes winds from the northern interior of the conti- 
west longitude runs through it north and nent blend to produce a climate that is with- 
south. From the Talkeetna Mountains on out extremes at any season, 
the north to the Chugach Mountains on the In the winter the east winds, called 
south the average width of the valley is 20 “Knik” winds, are always warm, and they 
miles, and its length is approximately 60 correspond to the “Chinooks” in the western 
miles. The valley floor varies from 36 to 400 Intermountain States. Occasionally winds 
feet above sea level. from the northeast reach a considerable 

The Matanuska River flows from the north- velocity, especially during the winter season, 
east, turns south near the town of Palmer, Since the snowfall is light and the soil is 
and at the south side of the valley joins the then comparatively dry, considerable soil 
westward flowing Knik River to form the erosion may result. When winds of high 
Knik arm of Cook Inlet. Both of these velocity occur, either from the east or the 
streams are fed by extensive glaciers and northeast, temperatures rise sharply and the 
their waters are heavily laden with silt. The atmospheric humidity drops in proportion, 
name of the valley is appropriate, for it is It is not unusual for the hygro-thermograph 
derived from two Indian words meaning to record a rise in temperature of 20° within 
muddy water . Along the foot of the Tal- two hours, with a drop in atmospheric 
keetna Mountains flows the little Susitna humidity of from 40 to 50 per cent in the 
River which empties into Cook Inlet same period. 

The climate of the valley is tempered con- The average annual precipitation, recorded 
siderably by the Japanese Current, which, over a ten-year period, is 15 inches, most of 
after crossing the Pacific Ocean to the shores which occurs during July and August, and 
of North America, flows north and west in a during the winter months when the snowfall 
broad arc through the Gulf of Alaska and averages about 40 inches. May and June are 
thence southwest along the Aleutian Islands, normally the dry months of the year. 
Winters are not much longer than those of Over a ten-year period the growing season 
the Northern Intermountain States, nor are for hardy crops has averaged 123 days; for 
their temperatures so severe. Only once in tender crops, 105 days. The last killing frost 
the past ten years has the thermometer regis- in the spring may be expected about May 15; 
tered 32° F below zero, and that for but one the first killing frost in the fall, about Sep- 
day. Mean temperatures for December and tember 15. The length of the growing season 
January, the two coldest winter months, compares closely with that in the higher alti- 
average approximately 12° F above zero, tudes of the Western Intermountain States. 

Maximum temperatures during the growing Computed for the true horizon, the sun 
season seldom exceed 83°, and the highest rises at the summer solstice, on June 21, at 
summer temperature on record was 91°. 2:18 in the morning and sets at 9 :43 in the 

Minimum night temperatures during the evening, a total of 19 hours and 25 minutes 
Slimmer vary from 45° to 60°. of possible sunlight. Due to the low angle 
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A VIEW OF PALMER, ALASKA 

of the sun in winter and to the elevation of very erratic. It is commonly believed that 


the Chugach Mountains to the south, there 
are places in the valley where no sunshine 
occurs for several weeks in December and 
January. During June and July there is no 
darkness—only a soft afterglow. The total 
number of hours of light favorable for plant 
growth during the summer months is actu¬ 
ally equal to that in areas with a considerably 
longer growing season, and for this reason 
plants adapted to the latitude grow very 
rapidly. 

Thunder storms rarely occur in the valley, 
and in a period of ten years only one severe 
hail storm has been reported, and that wus 
local. Only one small tornado has been ob¬ 
served, and that was at a considerable alti¬ 
tude, with its funnel never reaching down 
:to tbeyalMy floor. - 

displays of the 
movements at'times, are 


these disturbances in the high upper atmos¬ 
phere have a measurable effect on the 
weather. However that may be, observers 
have noted that a strong northeast wind is 
often preceded by a peculiar auroral dis¬ 
play, consisting of orange or yellow mist-like 
festoons apparently suspended from the 
upper atmosphere and covering the whole 
sky and moving rapidly from the north to 
the south or to the southwest. Occasionally 
these disturbances are so severe that radio 
communication between distant stations is 
disrupted by static. 

The Matanuska and Knik Glaciers, which 
have how receded into the higher mountain 
elevations at the east end of the valley, once 
joined to cover the entire area between the 
Talkeetna and Chugach Mountains. This 
tremendous mass of ice was several thousand 
feet in thickness. Deposits of morainic ma- 
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terial at successive elevations on the slopes of 
the mountains between the 2,000- and 3,000- 
foot levels support the opinion of some geolo¬ 
gists that ice masses have occupied the valley 
at several different periods. 

Almost the entire valley floor, with the 
exception of a few outcroppings of stratified 
rocks, is covered to an unknown depth by 
gravel, rocks, boulders, and outwash material 
dropped by receding glaciers. Large rock 
hills, or buttes, composed mostly of fused 
graywacke schist rise to considerable eleva¬ 
tions in an intermittent chain across the val¬ 
ley of the Knik River. There are numerous 
lakes, some of which are landlocked, while 
others are connected by streams which even¬ 
tually empty their waters into the Knik arm 
of Cook Inlet. The extensive tide flats are 
composed of deposits of silt from glacial 
streams. The high-level valley benches were 
formed by glacial outwash. 

Deposits of fine silt, mostly rock flour 
ground by the glaciers, are left on the Mata- 
nuska and Knik River bars during flood 
periods. After the waters have receded and 
the rock flour has dried to dust it is carried 
by the prevailing northeast and east-south¬ 
east winds and deposited on the valley floor 
as a top soil cover over the morainic material. 
The loess formation is deep and coarse near 
the river banks in the east, but in the west¬ 
ern part of the valley it becomes progres¬ 
sively shallower and of finer particles. Ap¬ 


proximately 65 per cent of the total valley 
area, of 1,200 square miles, can be cleared 
for cultivated crops or for permanent pas¬ 
tures. 

The soils of the entire Matanuska Valley- 
Cook Inlet area are classed as “Knik ?J fine 
sandy loam. However, there are many 
gradations of soil types in the valley, running 
from muck through all the soil classes to very 
coarse gravel. Since the deposits of morainic 
material on the valley floor are quite recent, 
there are sections that are low and marshy, 
without established drainage systems. In 
some of these areas extensive deposits of 
char a marl are to be found, while others con¬ 
tain peat beds of considerable depth. 

There are large variations in elevation 
within relatively short distances in the val¬ 
ley. From tide water, at the head of Knik 
arm, the benches rise progressively higher 
toward the north and east, reaching their 
maximum elevation at the foot of the Tal- 
keetna Mountains. 

Before clearing operations for agriculture 
began, the whole floor of the valley was 
heavily forested—birch, spruce, cottonwood, 
with alder and willow predominating. Very 
few of the trees are more than eighteen inches 
in diameter, but considerable spruce lumber 
for local use has been sawed and is of fair 
quality. 

Grass grows luxuriantly in open parks in 
the forest and above timberline on the south 



dairying is a profitable enterprise in the matanuska valley 
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SHEEP OP THE MATANUSKA VALLEY 

WELL ADAPTED TO ENVIRONMENTAL CONDITIONS, THEY 
PROVIBE A VERY ECONOMICAL SOURCE OP INCOME. 


slopes of the mountains. Twenty-one varie¬ 
ties and species of grasses and sedges are 
known to he indigenous to the valley and 
adjacent mountain slopes. Where fires have 
destroyed the forest growth, fireweed, 
Epilobium angustifoliam (L.), and wild false 
recltop, mostly Calamagrostis canadensis 
(Miehx.) Beauv. and C. inexpansa (Gray), 
predominate. On the tide flats and low wet 
areas aquatic plants abound—sedges, reeds, 
several varieties of marsh grass, wild peas, 
vetches, and plantain. Harvested when the 
sedge seeds are ripe, the hay of these growths 
makes fair winter feed for livestock. 

Most of the soils are fairly productive, 
because the top is composed of fine rock 
flour, ground by glaciers, that is rich in 
minerals. But the organic material is limited 
to a comparatively thin layer and becomes 
exhausted after several years of cropping 
and must be replenished. Organic fertilizers 
produced on the livestock farms are supple¬ 
mented by various commercial fertilizers in 
Order to attain maximum crop production. 

Two methods are used in clearing the for¬ 
est growth from the land. The trees are first 
cut, leaving stumps from two and one-half 
to three feet in height. The timber is re¬ 
moved and sawed for lumber or fuel, or it is 
cut in lengths for mine props. A cater¬ 
pillar tractor with bulldozer blade is then 
used either to tip the stumps over, or to push 
them into windrows. In the former, they are 
burned in place f in the latter, the space be¬ 


tween windrows is commonly farmed pend¬ 
ing final disposition of the stumps. 

Mixtures of oats and peas or of oats and 
vetch, yielding up to eight tons of ensilage 
or three tons of dry hay per acre, are relished 
by all classes of livestock. Dairymen prefer 
hay of this mixture to the baled or chopped 
alfalfa hay imported from the States. 
Annual vetches and Canadian field peas, 
either for livestock feed or for seed purposes, 
make heavy growths of vine, and the yields 
of threshed seed average up to 30 bushels 
per acre. To date neither specific insect 
pests, such as weevils or aphis, nor fungus 
or virus diseases, which are so troublesome 
in many pea growing areas, have been re¬ 
ported in either the pea or vetch crops. At 
times, however, cutworms do extensive dam¬ 
age to the young plants, both of forage and 
garden crops. 

Soil and environmental conditions in the 
Matanuska Valley are exceptionally well 
suited to the growing of canning peas. The 
quality of the canned product is excellent, 
and the yields compare favorably with those 
in the best pea canning districts in the States. 
Tt. is necessary to make but one planting of 
peas in the garden, each season, for if the pods 



CLEARED LAND FOR FARMING 

THE STUMPS ARE WINDROWEB BY HEAVY BULLBOZERS. 
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are picked regularly the vines continue to 
bear profusely until killed by freezing 
weather in the fall. Vines of the tall varie¬ 
ties, such as the “Tall Telephone/’ often 
grow to a length of ten to twelve feet, with 
pods and peas correspondingly large. - 

All members of the genus Brassica, such 
as cabbage, cauliflower and their related root 
crops, make rapid growth and have excellent 
flavor and quality. Root maggots may cause 
heavy damage to these crops unless prompt, 
preventive measures are applied. Head let¬ 
tuce, carrots, parsnips, spinach, celery, and 
beets do well. Onions seldom make bulbs 
large enough for commercial use, while 
string beans may not always reach the edible 
stage. Cucumbers, melons, and tomatoes are 
grown mostly in greenhouses. 

It is interesting to observe the effects of 
soil and climatic conditions on plants brought 
in from various environmental conditions. 
Many of the perennial grasses and legumes, 
quite hardy and vigorous under severe 
winter conditions in the Northern States and 
Canada, will make excellent growth the first 
season, but succumb the first winter. How¬ 
ever, there are many cultivated grasses which 
are well adapted and produce heavy yields. 
The best cultivated grasses so far found are 
Russian wild rye, smooth brome, Kentucky 
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HEAD LETTUCE IS GROWN EXTENSIVELY 


bluegrass, creeping red fescue, slender wheat- 
grass, and meadow foxtail. 

None of the heavy producing, tap-rooted 
legumes has been found hardy for more than 
from one to three years. While winter tem¬ 
peratures are comparatively moderate they 
are not constant. Soil heaving occurs from 
alternate freezing and thawing and the tap 
roots of many legumes are broken. Heavy 
winds drift the snow, leaving the surface soil 
exposed. Occasionally warm rains in winter 
may cause ice sheets over the entire soil sur¬ 
face, resulting in suffocation of plants. The 
fibrous rooted, Siberian alfalfa, Medicago 
falcata (L.), perennial vetches, and the small¬ 
leaved types of white Dutch clover have been 
found quite winter hardy. They produce 
best when seeded in mixtures with grasses, 
or on established grass meadows. Under 
judicious management the yields of hay and 
pasture from such mixtures are fairly high. 

A considerable number of varieties of seed 
and fiber flax have been grown experimen¬ 
tally during the past six years. Yields have 
been uniformly high, and there has been no 
evidence of rust, wilt, or pasrno on any of 
the plantings. The oil content of the seed 
varies from about 30 to 43 per cent, and the 
iodine number, for the varieties grown, 
ranges from 197 to 217. No extensive field, 
plantings of the crop have been made. 

Soil and climatic conditions are not suit¬ 
able for the growing of winter wheat. Fall 
rye is injured very little in winter and is one 
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of the surest cereal crops which can be grown. 
Oats and barleys of any variety mature 
readily, produce good yields, and the grain 
is plump and well filled. Climax, Victory, 
and Swedish select oats are the varieties 
largely grown for grain. Of the barleys, 
Alii, Trebi, Hannclien, and 19B, the latter a 
hulless, hooded variety, developed by the 
Alaska Experiment Stations, are grown ex¬ 
tensively in the valley. Chogot wheat, a 
Siberian variety, is the. standard spring- 
variety grown. The average yield of oats is 
45 bushels per. acre; hulless barley, 23 


but even the earliest varieties have seldom 
matured to the pod stage. 

The University of Alaska Agricultural 
Experiment Station was established in the 
Matanuska Valley in 1917. Since that date 
approximately 150 varieties and crosses of 
potatoes have been grown experimentally. 
Red varieties, except for early use, are in 
very poor demand on the Alaska market. 
White varieties are grown extensively and 
find a ready market at the army bases and 
through civilian and commercial channels. 
Approximately three thousand tons of high- 



AN EXCELLENT FIELD OF GRAIN ON AN “OLD SETTLER’S” HOMESTEAD 


bushels; awned barley, 30 bushels; Chogot 
wheat, 22 bushels; and winter rye, 20 bushels. 

Corn and members of the sorghum family 
cannot successfully be grown because of the 
low mean summer temperatures and the 
short seasons. Buckwheat matures readily, 
but is not often grown. Rape and kale are 
occasionally seeded as pasture crops for 
swine and sheep. Sugar beets and mangles 
make indifferent growth and the yields are 
low. Soybeans have been tried repeatedly, 


quality potatoes were produced in the valley 
and marketed in 1943. The white varieties 
grown most extensively are the Arctic Seed¬ 
ling, White Bliss, and Green Mountain. All 
of these varieties are high in quality, cook 
well, and keep well in storage. The yield of 
marketable tubers averages five tons per acre, 
although total yields of eighteen tons per 
acre have been verified. * 

Invariably seed potatoes from certified 
varieties imported from the States show a 
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high percentage of disease the first season, 
in some instances as many as 55 per cent. 
If the seed tubers are carefully selected and 
disinfected before planting, and if the dis¬ 
eased plants are rogued out each season for 
three years, practically disease-free tubers 
can be produced. The elimination of dis¬ 
ease is possible because insect vectors, such 
as aphis, are rare or absent. Very few losses 
from disease have been reported in winter 
storage, where proper methods have been 
employed and temperatures of 34 to 38 de¬ 
grees F have been maintained. 

Since the Government colony was estab¬ 
lished in the valley in 1935, the livestock 
population has gradually increased. The 
poorer animals have been eliminated and the 
quality of individual animals and the pro¬ 
duction per animal unit, especially in the 
dairy industry, have risen greatly. All 
classes of poultry, meat, and dairy animals 


are represented, as well as approximately 140 
work horses. In general, the climate is 
healthful, and the percentage losses of live¬ 
stock and poultry from disease are relatively 
small. 

The Matanuska Valley is well suited to the 
dairy industry. In 1943 there were approxi¬ 
mately 700 dairy cows and one-third as. 
many head of young dairy stock. The dairy 
animals are mostly Guernseys and Holsteins, 
with some Brown Swiss and a number of 
crossbred animals. Farmers receive $6.20 
per 100 pounds for 4 per cent grade t£ A JJ 
milk delivered to the Cooperative Creamery 
at Palmer. It is transported to Anchorage 
each day for pasteurizing and distribution, 
both to the Army and to the civilian trade. 

The few beef cattle in the valley are mostly 
Hereford and Shorthorn. They may be 
ranged in summer in the near-by mountains 
where there is excellent grass and water. 
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HAY SHOCKED “SWEDISH STYLE ’ 

BECAUSE OP HEAVY BAINS AT HARVEST TIME, HAY CROPS ARE OFTEN SHOCKED AS SHOWN IN THIS PICTURE. 


Snow usually falls on the mountain slopes 
early in October. The fall grazing period- 
may be lengthened considerably by pasturing 
the extensive tide flats bordering the Knik 
arm of Cook Inlet. 

At present there are a number of flocks of 
sheep on farms in the valley. Most of these 
are crossbred Komney-Marsh, with a few 
flocks of Hampshires. Dressed lamb and 
mutton find a ready market locally, but the 
wool must be exported to the States for sale. 

As of May, 1944, there were approximately 
900 hogs of various ages on farms in the 
valley. The demand for pork and pork 
products is active, and prior to 1942 consid¬ 
erable fresh pork was imported from the 
States. For the past two years the number 
of swine on farms has been increased until 
the production is sufficient not only to supply 
the local demand, but shipments of pork and 
pork products are also made from the valley 
to other sections of Alaska. 

The fact that com cannot be produced in 


the valley is not a serious handicap, because 
the Hulless barley which is grown is almost 
equal to No. 2 yellow corn as feed for live¬ 
stock and poultry. The use of barley for 
finishing poultry and meat animals produces 
a firm, well-marbled product that compares 
favorably with the quality of the dressed 
poultry, beef, pork, and mutton imported 
from the States. 

Of the total poultry population in the 
Matanuska Valley in 1939, approximately 
27,000 were chickens. Low prices for eggs 
and dressed poultry discouraged production. 
During the past tw T o years the demand has 
increased tremendously, prices to the farmer 
have risen to 75 cents and even to $1.10 per 
pound for dressed poultry and from $1.00 
to $1.10 per dozen for fresh eggs. 

Most of the farm products are marketed 
through the Matanuska Valley Farmers Co¬ 
operating Association under their Trade 
Mark, “Matanuska Maid.” The organiza¬ 
tion is owned and controlled by bona fide 
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farmers themselves. Management of the 
business is in charge of a Board of Direc¬ 
tors, elected by the membership. A general 
manager is employed by, and is directly 
responsible to, the Board of Directors. 

The Cooperative was organized and incor¬ 
porated by the Alaska Rural Rehabilitation 
Corporation in 1937, to assist in marketing 
the products of the farmers of the Govern¬ 
ment Colony. In 1939 the management of 
the Cooperative was transferred to the 
farmers. The equipment and all facilities 
for handling the business were purchased 
from the Alaska Rural Rehabilitation Cor¬ 
poration by the Cooperative in the spring of 
1940. Since that time a new creamery build¬ 
ing for pasteurizing and distributing who]e 
milk has been constructed in Anchorage. A 
new gravity water-supply system for the 
town of Palmer has been completed and a 
vegetable storage cellar 40 feet by 200 feet 
has been constructed. 

Electric power is supplied to the towns of 
Palmer, Wasilla, Matanuska, and to the val¬ 
ley farms by the Matanuska Electric Associ¬ 
ation, Inc. This is a cooperative, organized 
under the Rural Electrification Administra¬ 
tion. It purchases electric energy from a 
hydroelectric plant located about eight miles 
from the valley proper. Steam is used in 
heating all buildings owned by the Market¬ 
ing Cooperative in Palmer, and is also avail¬ 
able for sterilizing and for operations in the 
various processing units. 

The Cooperative operates a garage, ma¬ 
chine shop, blacksmith shop, power plant, 
wood working shop, slaughter house, ware¬ 
house, creamery, trading post, dormitory, 
restaurant, cold storage, vegetable storage, 
hospital, dental office, barber shop, and 
beauty shop. Groceries, meats, dairy prod¬ 
ucts, vegetables, fruits, clothing, hardware, 
household furniture and equipment, building 
material, machinery, feed, field and garden 
seeds, fertilizers, and automobile accessories 
may be purchased in the various depart¬ 
ments of the trading post, warehouse, and 
garage. 

The increase in products marketed from 
farms in the Matanuska Valley during the 
past four years reflects the steady progress 
being made. The figures presented show 


only the value of products marketed through 
the Cooperative Marketing Association. A 
number of farmers market their products 
independently. The increase in production 
is due largely to the fact that in 1935 only 
about 650 acres of land were cleared and 
under cultivation in the entire valley, 
whereas now approximately 7,000 acres are 
cleared and either in cultivation or seeded to 
permanent pasture. 

The total sales of all commodities by the 
Cooperative for the fiscal year ended Decem¬ 
ber 31, 1940, were $481,057. For the fiscal 
year 1943 direct sales had mounted to a total 
of $1,008,000, including sales of farm prod¬ 
ucts, and sales of goods by the trading post, 
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creamery, warehouse, garage, and other units 
owned and operated by the Cooperative. 
During 1940 the farmers sold through the 
Cooperative $68,993 worth of farm products, 
including vegetables, meats, dairy, and poul¬ 
try products. Payments by the Cooperative 
to the valley farmers for farm products de¬ 
livered during 1943 totaled $302,781, an 
increase of 337 per cent, in four years. 

A number of markets absorb the farm 
products from the Matanuska Valley. Most 
of the grade “A” milk, ice cream, and other 
dairy products are sold to the Army and 
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through commercial channels at Anchorage. 
The supply is inadequate to meet the de¬ 
mand. The Army and business houses pur¬ 
chase fresh vegetables and root crops, such 
as carrots and rutabagas, as rapidly as they 
are available. Seldom are there any sur¬ 
pluses of these products to be placed in cold 
storage for postseason sale. The production 
of potatoes lias about kept pace with market 
demands. 

There are other market outlets that nor¬ 
mally use a considerable volume of farm 
products. The Willow Creek gold produc¬ 
ing area, largest gold quartz mining district 
in Alaska, is located along the Talkeetna 
Mountain slopes at the northeast end of the 
Matanuska Valley, and on nearby Willow 
Creek. During normal times the eight pro¬ 
ducing mines employ several hundred men 
and purchase farm products regularly. 

The Matanuska coal mining district is 
located in the Talkeetna Mountains, on the 
north side of the Matanuska River, northeast 
of Palmer. Coal from the three producing 
mines is used in considerable volume by mili¬ 
tary posts, the Alaska Railroad, and the 
civilian population. Considerable quantities 
of farm products from the valley are used 
by these mines. 

Fresh vegetables and other products from 
the Farmers Cooperative are purchased by 
the Alaska Railroad and by the Civil Aero¬ 
nautics Authority. Outlying mining camps 
and trading posts supply their needs for 
fresh farm products as often as air transpor¬ 
tation is available. 

There must be no misconception, however, 
concerning farming in the Matanuska Val¬ 
ley. Although soils are still fertile and 
average crop yields high, and while markets 
and prices are good, there are disadvantages 
such as short growing seasons, heavy rains 
at harvest time, high winter -winds, long 
winters, and the danger of over-production 


and low prices, if agriculture is developed 
too rapidly and beyond market require¬ 
ments. Here, just as in any farming area in 
the States, success depends on good judg¬ 
ment and hard work. 

Although the present supply of farm prod¬ 
ucts js not sufficient to meet market demands, 
yet the farmers are not overexpanding. 
Tractors and modern machinery and methods 
are used in production, but only such equip¬ 
ment as is necessary for operations is being 
purchased. Obligations are being liquidated 
and surplus funds are being invested in war 
bonds as a reserve against possible low prices 
and market fluctuations during the adjust¬ 
ment period ahead. 

Of the 250 farm families in the valley, 
main-' are well established in specialized lines 
of production. There are 24 producers of 
Grade “A” milk and 43 of Grade “B” milk, 
a total of 67 dairy farmers. A considerable 
number of farmers are devoting their entire 
effort to the production of vegetables. Others 
are specializing on poultry and poultry prod¬ 
ucts. A few are extensive producers of hogs. 
However, most farmers have several sources 
of income from general farming. 

Schools, churches, and social advantages 
compare favorably with those to be found 
in any thriving rural community in the 
States. Enrolment in 4r-H Chibs and Home¬ 
makers Clubs, sponsored by the Agricultural 
Extension Service of the University of 
Alaska and the United States Department of 
Agriculture, is high. Roads and highways 
throughout the valley are graded, gravel 
surfaced, and well maintained throughout 
the entire year by the Alaska Road Commis¬ 
sion. Experimental data, secured from the 
University of Alaska Agricultural Experi¬ 
ment Station, located in the valley, is being 
applied by the farmers to increase animal 
and per acre unit production. Agriculture 
in the Matanuska Valley is growing up. 
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THE STORY OF A MARINE LABORATORY 

By WILLIAM A. HILTON 


For most of ns the ocean shore has an irre¬ 
sistible fascination, but perhaps it appeals 
strongest to the zoologist. In its coves, on its 
beaches, and within its waters live strange 
and wonderful organisms representing every 
major zoological group and including many 
not found in any other place. For the study 
of life in its multitudinous forms no environ¬ 
ment can compare with the ocean and its 
shores. 

Eealizing the value to education of a first¬ 
hand knowledge of marine life, Prof. C. F. 
Baker many years ago spent parts of two 
summers with a small group of students 
from Pomona College at Laguna Beach, then 
a quiet, secluded spot, on the southern coast 
of California. In 1912 it was my pleasure 
to follow after this small but enthusiastic 
group with plans for a building and with 
high hopes for many wonderful years of bio¬ 
logical study and exploration. The marvel¬ 
ous coves and points, which may be found 
for miles north and south from the little 
settlement, gave promise of all that could be 
desired in such an enterprise. 

In the beginning there were many prob¬ 
lems to be solved. Laguna Beach was at that 
time a sleepy little fishing village and art 
colony best reached from Santa Ana 20 miles 
distant. The unpaved highway traversed a 
beautiful little canyon between high, brown 
hills. At times the road was difficult; it was 
muddy in winter, dusty in summer, always 
rough, and often nearly impassable. 

Late in 1912 I made several trips' to La¬ 
guna Beach to arrange for a building. Most 
of the money was to be raised locally, and 
already some pledges had come in. One of 
the interested local men was the mayor, 
“Sinner Smith,” who said, “I tell them they 
ought to give more for this laboratory, and 
some of ’em say to me, 4 What good are we 
going to get out of it!’ and I say, 4 Why Hell 1 
What good do you get when you give money 
to a church!’ ” 

Because of its isolation there was a certain 
uniqueness about early Laguna Beach never 
to be recovered. There were but few stores; 
mail was irregular and slow; the hotel was 


small and uncomfortable; there were many 
narrow paths, a few dirt streets, and almost 
no sidewalks. The streets were scrubby, the 
buildings old and poor. One man from the 
outside confided to me, “What this place 
needs is one first-class fire!” 

At last, in the spring of 1913, the funds 
were gathered and the building was de¬ 
signed. I was consulted about floor plans, 
and like most biologists who plan buildings 
I wished large windows and plenty of them. 
However, the architect, one of the best known 
in southern California, had his own ideas. 
To each of my suggestions he had but one 
answer, 4 4 It’ll look like the devil!” I had 
utility in mind, he had beauty; and there was 
a deadlock until I was told I should have to 
submit or give up the whole enterprise. 
Something was better than nothing, and I 
yielded in spite of my better judgment. I 
remember talking later with my former 
teacher at Cornell, J. H. Comstock, the well- 
known entomologist. As I expressed sur¬ 
prise and joy at the size of the great north¬ 
ern windows in his new entomological labora¬ 
tory at Ithaca, he said, 4 4 Yes, I fought, bled, 
and died for these windows!” 

The front of our quaint structure with its 
narrow windows and high pillars suggested 
a New England church, and once it served 
as such in a moving-picture wedding, with 
waving, cheering students as unpaid extras! 

The village of Laguna Beach is at the 
mouth of a canyon that cuts the lofty hills 
near the coast. In the early days its few 
buildings were not far from a broad sandy 
beach at the mouth of the valley. Up and 
down the coast a narrow shelf of land leads 
to numerous cliffs along the ocean front, 
always with a background of high hills rising 
abruptly from the narrow plateau. The 
early settlement has now extended for miles 
in both directions, even well up into the 
loftier slopes. When I first came, one might 
leave Laguna Beach to the south by way of 
Capistrano over a narrow and dangerous 
road, which turned and twisted about points 
and across the mouths of small canyons, 
reminiscent of the famous Amalfi-Sorrento 
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drive in south Italy. Along the shores are 
blow holes, narrow clefts, rocks of fantastic 
shapes, secluded sandy coves, and small 
rock-bound bays. In one place is a natural 
bridge, at another a sharp point of rock iso¬ 
lated from the shore at high tide. One of 
the most wonderful spots is Three Arches, 
near a beautiful little bay partly sheltered 
by a huge rock mass pierced by three open¬ 
ings. For miles the shore is wild and steep, 
culminating in the great promontory of Dana 
Point. 

_ Up the coast not far from the village-is a 
little island, which used to support the old 
fishing pier. Nearby, brown masses of sea¬ 
weed cover the ocean floor, leaving shallow 
tide pools with their floating browns, reds, 
and greens and also masses of white, yellow, 


or red sponges showing under shallow rock 
ledges. Beyond is a little cove sheltered by 
the long, low Dog’s Head Point. In this 
little area more kinds of sea life were found 
than in any other place along the ocean 
front. I have collected in many parts of the 
world—from Bermuda to the Great Barrier 
Eeef of Australia—but I never have seen a 
place with more varied life than we have 
found here. One of the best shallow bays 
and points, Fisherman’s Cove, is shut in by 
high cliffs. It is a very good place for 
marine algae, and upon its quiet waters in 
early mornings great fiatworms have been 
found swimming or floating. One kind we 
called the “skirt dancer,” because, swim¬ 
ming by rapid movements of its fluted edges, 
it appeared much like whirling skirted 
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dancers of the stage. Here under the clear 
waters of some seaweed-filled pool we might 
break off bits of the underwater ledge cov¬ 
ered with numerous small spherical bodies 
rotating on narrow stems. Our name for 
them was “ nodding heads.” Mussel Point 
above this cove was our nearest region for 
bivalves in abundance. For years we and 
others have come here to obtain them for 
fish bait or for food. In spite of continued 
collection, the rocks are still well covered. 

Several little bays beyond is Coward’s 
Cove, a varied mass of fantastic rock shapes 
with numerous alga-lined pools and deep 
channels with corallike red seaweed mingled 
with long strands of brown, writhing with 
the ever-restless waters. In the depths 
bright-colored fish may be seen. In the shal¬ 
lower coves octopuses are often found. One 
of these of unusual size was seen many times 
before its capture. Here are sheltered giant 
sea-urchins, small red sea-anemones, rare sea- 
cucumbers, with many of the larger starfishes 
inhabiting the mussel-covered points. Small, 
elongated crustaceans just the color of the 
seaweed swarm among the finer red fila¬ 
ments. There are frequent groups of sea- 
spiders, or pycnogonids, which the English 
call‘ * no bodies,’ 9 for they are all legs. Small 
serpent-stars, minute mollusks, little worms, 
and many other active living things hide in 
the thick tangles of sea plants or among the 
delicate branches of plantlike animals. 

The next interesting region is the most 
varied of all, marked by two seal rocks just 
offshore. It is an area of coves, points, clefts, 
and especially extensive rock pools. In these 
last, hundreds of sea-urchins line the basins 
with their spiny purple bodies, the smaller 
kind each within its own little depression 
and large sea-anemones scattered between. 
Some of the largest and deepest pools are 
bright with numerous colors and shades of 
the corallike algae, which come into view 
as the surging waters sway the long kelp 
strands. Next we come to beautiful Emerald 
Bay, limited by Abalone Point with its pools 
and clefts. Some of these fissures are inches 
across, others too deep for safe exploration. 
Here as the waters recede one sees far below 
great starfishes which are in little danger of 
being disturbed by man. 

And so up the coast for miles the coves and 


points, the bays and caves give a beautiful 
natural setting for the interesting and varied 
marine plants and animals. For over 30 
years with different classes of students and 
others, sometimes in groups of thirty and 
often alone, I have explored these beautifully 
colored tide pools, rocky points, or sheltered 
coves in the clear waters and even clearer air 
of southern California to the sound of dash¬ 
ing waves, the calls of the sandpiper and gull, 
or the bark of the sea-lion. 

During the spring of 1913 the building 
was begun, and that summer thirteen of us 
started a summer school before the building 
was completed. Ours was a mixed group— 
two faculty members and their wives and 
nine students of various ages from freshmen 



A SEA-SPIDER 

A NEW SPECIES OF PYCNOGONID THAT WAS FOUND 
AT LAGUNA BEACH. ENLARGED ABOUT NINE TIMES. 


to postgraduates. Our glassware, micro¬ 
scopes, and general equipment, as well as food 
and personal belongings, were delivered by 
one of the students in the family Buick. The 
two cottages we rented were old and poorly 
equipped. One was used for dining and 
sleeping, the other as a makeshift laboratory 
where the flat-topped stove served as an 
important laboratory table and shelf. In the 
dwelling a wood stove that smoked and a 
gasoline cooker that leaked made it a task to 
prepare a meal. Our only lights were oil 
lamps; our water came from a cistern filled 
by drainage from the roof. After we all 
became ill we discovered dead mice in the 
cistern and birds’ nests in the eaves. So we 
changed to the more expensive but safer 
bottled water. Centering our thoughts on 
the animals of the ocean, after careful prepa- 
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ration we went on onr first early morning 
low-tide trip. We started just before dawn; 
for me and the rest it was our first contact 
with the life of the Pacific. Starfishes, sea- 
cucumbers, worms, crabs, octopuses—all we 
could find alive were brought back for study. 
Next morning at the same early hour I 
awakened the young man who w T as afterward 
my assistant for a number of years. He 
seemed bewildered and confused. 

“What is it? What’s the matter?” he 
asked. 

“Come, it’s time to.wake the others,” I 
said. 

“I thought we got everything yesterday!” 
he answered. 

He soon learned that seldom were two 
trips alike, even in the same locality. 

We led a strenuous life; early-morning 
trips, study and work all day with meals to 
get, dishes to wash and salt water to carry, 
but each collecting period brought new won¬ 
ders and new interests. The ocean here and 
its rocks w T ere untouched, and in these first 
days one little cove served as our chief, 
almost our only, collecting ground. 

I remember one of the early-morning trips 
when we first found the smaller sea-urchin 
and at the same time received a lesson that 
had to be repeated several times bel ore it was 
well learned. I was industriously prying the 
spiny creatures from their rocky holes when 
an enormous wave, as high as a house, sud¬ 
denly came rushing in to dash against the 
rocks. I clung as best I could; tons of water 
poured over me. Fortunately, I suffered 
only in the loss of skin on knees and palms. 
It was the last time I went collecting clothed 
only in a bathing suit. Every year there¬ 
after I advised group after group of students 
to face seaward when collecting in order to 
be able to watch the waves that might be 
large and dangerous. They did not always 
remember, nor did I. Once in later years I 
utterly disregarded the ocean, and turning 
my back upon it I was busily engaged in dig¬ 
ging something out of a crack. I was sur¬ 
rounded by students not so fully clothed as 
I but in modern bathing suits, when a great 
wave rolled me like a ball. As I was tossed 
about I knocked half a dozen students down 
upon the sharp rocks with much loss of skin 
and blood. 


During the second summer we moved com¬ 
pletely into the laboratory. Food was 
brought, bedding and equipment gathered, 
and all transported by truck from Clare¬ 
mont, about 55 miles inland. Two rather 
ancient cottages were rented, and one of the 
boys was appointed manager of domestic 
arrangements. The mother of one of the 
girls acted as cook and served wholesome 
meals. However, in less than a two-weeks 
period difficulties arose. Anyone who tries 
to run a boarding place for students is ask¬ 
ing for trouble! No one objected to the 
meals, but several decided to eat out of paper 
bags rather than pay $3.75 a week. They 
nearly wrecked our whole plan, but I in¬ 
duced them to stay with the rest a little 
longer and the next week the board dropped 
to $3.50 a week, which was what they said 
they could afford. 

Various plans for rooms and meals were 
tried. Housing became such a problem as 
our numbers increased that the college en¬ 
couraged a real-estate man to develop an 
encampment with special accommodations 
for the summer school. This plan served for 
a number of years and had a great advantage 
over other arrangements because I knew 
where to find the students both night and 
day. It proved very convenient for getting 
them to classes or for rousing them for 
early-morning low-tide trips. I used to go 
from tent to tent beating a tin pan as 1 called 
them from all along the tent-city street The 
attendance these times was very good! It 
continued good in later years when I no 
longer roused them personally. One year 
when we had thirty-six students, some com¬ 
muted from Newport 8 miles away, some 
from. Santa Ana twice as far, and others 
from varying distances; there were no ab¬ 
sences from class and only three from low- 
tide trips, these due to illness. 

The third suxnmer I brought with the stu¬ 
dents a young photographer to make a pic¬ 
torial record. He knew little of the animals 
he handled. One day when he was working 
with a jackknife clam in a jar of sea water 
he called to me in great excitement, “Oh, 
look, he’s stuck out his tongue and he’s lick¬ 
ing the whole dish!” The clam was using 
its large foot to explore the environment. 
This young man never returned inland, for 
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MABINE SNAILS, OB NUDIBEANCHS, FOUND ON SEAWEED AT LAGUNA BEACH 

FEW ANIMALS IN ALL NATURE ARE MORE BEAUTIFULLY VARICOLORED THAN THESE NAKED-GILLED GASTROPODS. 


he liked Laguna Beach so well that he made 
it his home. He managed to get a small 
hand press and each week printed a little 
paper, The Laguna Life, the first newspaper 
of the village. He had to run his sheets 
through twice to make a page, and as his E’s 
gave out he had to substitute Z’s and other 
letters. 

As the years rolled on, serious work was 
enlivened by many amusing episodes. Once 
at the conclusion of a dissection period one 
of the students took his discarded embalmed 
eat, the partly severed muscles dangling, and 
hung it above the door of the Chinese chop- 
suey restaurant. In the morning the flat¬ 
tered proprietor, all unconscious of what was 
above, with nodding head and smiling face 
greeted those passing by who looked his way 
with unusual but laughing interest. One 
day a barrel of formalin was tipped over in 
an upstairs room, flooding the floor an inch 
deep and producing a gentle rain on all be¬ 
low. I told a student to mop the floor, which 
he did in his bare feet! More than once 
upstairs aquaria overran their tanks to drip 
on me as I was holding a class. It was de¬ 
cided to have a party in the laboratory. . In 
a cement pit we had a colony of white rats. 
The girls objected to the smell even after the 
animals were removed. “We’ll fix that,” 
the boys promised. A gallon of gasoline was 


used with a lighted match. There followed 
a boom, the crack of cement, and a great 
cloud of smoke. A student upstairs was so 
alarmed at what seemed to be a dangerous 
fire that he leaped from an upstairs window. 

The life of the summer school depended 
upon low-tide and other field trips. After 
the first two years we really began to explore 
our environment. The nearby cove and 
rocks continued to furnish us with speci¬ 
mens—octopuses, crabs of many kinds, ser¬ 
pent-stars in abundance, and a blindfish with 
its associated white ghost-shrimp. The rock 
surfaces were alive with shore crabs and 
other crustaceans, the rocks themselves 
pitted with mollusks and worms or plastered 
over with sea-anemones or colonial worm 
tubes. Even the upper pools bare of seaweed 
were thickly strewn with mollusk shells, some 
housing snails, others moving more rapidly 
about because of hermit crabs within. Once 
I gave a student the problem of determining 
the number of kinds of hermit crabs. When 
she first reported to me she said she had ten 
kinds. Greatly surprised, I said, “I thought 
there might not be more than two or three.” 
Upon examination I discovered that she had 
been counting the kinds of shells the crabs 
had appropriated. 

Every year we were delighted with the little 
naked-gilled sea snails, or nudibranchs—bits 
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of molluscan color of unexpected variety. 
They were in the tide pools more or less shel¬ 
tered by seaweeds, sometimes floating on the 
surface film, sometimes clinging to algae or 
eelgrass. There were white ones with bright- 
red spots, some all pink or a deep blue with 
yellow markings. Each day we were apt to 
find different kinds. A beautiful form with 
a narrow ribbonlike body was blue with 
bright-red appendages. The foot of this spe¬ 
cies was so narrow that it was seldom used 
for locomotion. They were able to progress 
much more rapidly by swimming movements 
when the whole body was vigorously bent 
backward and forward. Large sea slugs, 
called “sea hares’’ because of the earlike 
extensions from the head, were often so abun¬ 
dant at low tide that it was almost impossible 
not to step on them continuously, causing 
clouds of purple “ink” to be emitted in pro¬ 
test. Sea-anemones were found in continu¬ 
ous masses on exposed rock surfaces, larger 
ones in the deeper pools or rock crevices. 
Some of these, as much as a foot across, were 
bluish or greenish, owing to symbiotic algae 
living in their tissues. Now and then an 
unwary shore crab ran sideways over one of 
these. If he hesitated he was lost in the 
closing tentacles. In the coves was the sticky 


starfish, the one with much red, the species 
upon which Jennings worked many years 
ago. Here also were the broad-armed star¬ 
fishes, seldom two of the same color, shade, 
or markings being found. The large brown 
sea-cucumber also occurred in the quieter 
waters, sometimes bearing a commensal or 
parasitic segmented worm on its surface of 
the same brown color. These sea-cucumbers 
were easily shocked into loosing their whole 
alimentary canal, thus becoming an empty 
bag. We studied the interesting microscopic 
life within the respiratory tree so conveni¬ 
ently exposed. One of these minute forms 
had a little disk for attachment, but it could 
come loose and swim about. 

Out on the far points where the waves are 
continually dashing was an exciting and 
profitable collecting zone. Mussels in great 
abundance sheltered swarms of serpent-stars, 
small and larger starfishes, crabs without 
number, worms of many groups, and count¬ 
less smaller animals. Once I told the stu¬ 
dents that pearls were sometimes found in 
these mussels. Soon afterward I was in the 
back of the laboratory and overheard a con¬ 
versation among several students. 

“What are you going to do with that big 
mussel?” 
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SOME LAGUNA BEACH CRUSTACEANS 

Upper left figure: a crab taken from a large bivalve mollusk; it was white and blind. Upper right 
figure : a giant crab from deep water. Lower figure : pseudosquilla, a * 1 short-waisted ’ 9 lobster. 


“I'm going to get me a pearl.” 

“All right, I’ll watch you open it. Bet 
you don’t get any,” 

“Bet I do!” was the vigorous response 
and then— 

“Look I got one!” Suddenly almost a 
shriek from the loud-voiced girl, “Oh, look! 
It’s walking away!” 

I hastened out to learn that they had 
found a very large crab, white and blind, 
living within the shell of the mussel. 

It is impossible even to list the many inter¬ 
esting and often rare forms we had for 
study. One of the valuable specimens 
brought in by a student was a beautiful 
basket starfish, which came from a consider¬ 
able depth on a fish line. I sent it to the 
Harvard Museum for identification. Dr. 
H. L. Clark informed me that it was the 
largest specimen of the species yet reported. 


At another time a fisherman brought me a 
great sea-anemone caught on a hook in deep 
water. It was still attached to a stone of 
20-pound weight. It had large branched 
tentacles and was a wonderful specimen, but 
the hook had torn a great wound in the side. 
Since it seemed dead I started to preserve it 
at once. When the first strong formalin 
touched its surface the tentacles began to 
retract and I was in danger of having a slimy 
ball instead of a cylinder, so I quickly wound 
a broad cotton bandage just below the tenta¬ 
cles and preserved it in this condition with 
the tentacles extended. Having photo¬ 
graphed it, I sent a print to a specialist for 
identification. He gave me its name and 
wrote: “I never saw one with such a re¬ 
stricted neck!” 

Among the high points of our explorations, 
which brought to light hundreds of species, 
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were things neither teacher nor student had 
seen before. In fact, there was not a season 
without a new record. When we first 
dredged offshore we obtained the boneless, 
whitish lancelet Amphioxus, so often men¬ 
tioned in studies on the ancestry of verte¬ 
brate animals. There were new records of 
strange worms, shrimps, and crabs. We kept 
specimens alive to be preserved at the end 
of the season. Among the interesting crabs 
were some that adorned themselves with bits 
of seaweed. We put several in a dish, and 
to our surprise they soon denuded one an¬ 
other. Then we saw them redecorate them¬ 
selves. They did this by seizing a bit of sea¬ 
weed in their claws and thrusting the end 
between their jaws. When they had softened 
the ends by mastication they stuck the bits 
to legs and backs. One day in dredging we 
brought up a little crab and some bits of 
slate. Soon all the little fellows had disap¬ 
peared under the slate fragments. Upon 
examination we saw that each crab had four 
of its ten legs turned up and jointed over the 
back. With these legs they were able to hold 
little stones over them for protection from 
above. We placed them in water without the 
slate and were greatly amused to see them 
seize one another. Some of them succeeded 
in holding a comrade up over his back with 
his legs frantically and futilcly waving 
about! 

It was against the law to kill sea-lions, 
but as they would come into the nets fisher¬ 
men shot them on sight. Their dead bodies 
washed up on the beach, and often the boys 
of the summer school would bring them in 
to skin, skeletonize, or remove the brain. I 
can name the one who had to bury the none- 
too-fresh bodies in spite of assurances from 
the younger members of the group as to their 
responsibilities. 

Each year for over 30 years we have had 
enthusiastic students, largely from Pomona 
College but also from other western institu¬ 
tions and a few from eastern colleges and 


universities. Some have come from foreign 
countries, especially Canada, Mexico, and 
China. The largest number any one year 
was sixty-five, with four teachers. Fre¬ 
quently I have been the only teacher, with 
thirty or forty in the classes. I have often 
said that I was president, registrar, faculty, 
head janitor, and dean of women 1 This, my 
last year of teaching, like the first, is one of 
pioneering difficulties. Because of the hous¬ 
ing shortage it was necessary to use the 
upper rooms of the laboratory for a women’s 
dormitory, with all the resulting problems! 

Over a thousand students have attended 
the summer session at Laguna Beach during 
the past 30 years. A hundred or more have 
gone into the field of medicine, and many of 
these have come to distinction. About as 
many have become teachers of biology in high 
schools, junior colleges, and universities. 
Many in other institutions are continuing 
some kind of biological work. Many have 
won fellowships or scholarships based upon 
work done here. A large number are men¬ 
tioned in Who’s Who in America and Ameri¬ 
can Men of Science. 

Over three hundred papers have been pub¬ 
lished based wholly or in part upon work 
started or completed here. In these a thou¬ 
sand kinds of animals have been discussed, 
and several hundred new species have been 
described either by the students themselves 
or by specialists to whom the collected speci¬ 
mens were sent Publications have appeared 
on ecology, colors of animals, animal habits 
and reactions, as well as studies upon the 
nervous system and sense organs. 

However, this station has not been pri¬ 
marily for research. The emphasis has al¬ 
ways been upon the instruction of under¬ 
graduates. Here we continue to find new 
things as year after year groups of thought¬ 
ful, eager, and earnest students come to have 
their first acquaintance with the beautiful 
environment of the ocean and its intricate 
shores. 



THE MARRIAGE OF NUTRITION AND 
AGRICULTURE 

By P. LAMARTINE YATES 


In the Western World the output of food 
has increased many fold during the last two' 
hundred years. It is difficult to overestimate 
the importance of this period and all that has 
happened in it. The immense increase in 
productivity of labor, botli in industry and 
in agriculture, has meant that in spite of the 
rapid rise in population the peoples of the 
Western World possess an ever-increasing 
assortment of material goods. They live 
longer, they are healthier, they are literate, 
and they are growing in the stature of citi¬ 
zenship. In respect of food, probably nine- 
tenths of them were malnourished before the 
industrial revolution.. Today the proportion 
is much less than half, and there is no sign 
that the progress toward elimination of mal¬ 
nutrition is in any way slackening. 

We cannot rest content at the point we 
have reached. There are still a lot of hungry 
people in other parts of the world, particul- 
larly in Asia. We stand in need of even 
more scientific knowledge and of more effi¬ 
cient economic housekeeping. We need to 
secure even greater command over the forces 
of nature, and we need to organize our efforts 
even more sensibly, 

I propose to deal separately with two types 
of countries—the advanced countries of the 
West and the less developed, densely popu¬ 
lated countries of the East. There are, of 
course, a large number of countries whose 
position lies somewhere between these ex¬ 
tremes, as for example, many of the coun¬ 
tries of South America, Africa, and the 
Middle East. But the outstanding economic 
problems of nutrition and agriculture can 
best be understood by considering the cases 
of the easiest and most difficult countries. 

Take, first, the countries of the Western 
World: North America, the Southern Do¬ 
minions, the United Kingdom, and a con¬ 
siderable part of Europe. These are the 
wealthy areas of the world. A high propor¬ 
tion of the population enjoys an adequate 
diet; food is efficiently produced, that is to 
say, the output per worker and per acre is 


reasonably high; and on the whole the stand¬ 
ard of living of the farming populations, 
though not so good as that of urban workers, 
is much better than standards in other parts 
of the world. Something like a third of the 
population is engaged in farming, which 
means that one farm family is able to feed 
itself plus two city families. In the U.S.A. 
one family feeds itself and four city fami¬ 
lies. Finally, there are big potentialities for 
increasing the output of foodstuffs with com¬ 
paratively small capital outlay. Most of the 
farmers are well enough educated to appreci¬ 
ate the usefulness of scientific discoveries, 
and though there is a time lag in the appli¬ 
cation of new methods, the level of agricul¬ 
tural efficiency and the volume of food pro¬ 
duced rise steadily every decade. 

In the most densely populated countries of 
the East, notably India and China, every¬ 
thing is different. These peoples have hardly 
shared at all in the enormous rise in living 
standards that occurred in the West. They 
remain in a state of grinding poverty. Their 
mortality rates are four to five times as high 
as in advanced countries, yet they multiply 
their kind exceedingly. They are riddled 
with disease. Diets, both urban and rural, 
are gravely deficient in essential nutrients. 
Productivity remains low. Although mil¬ 
lions of people labor on the land, compara¬ 
tively little food is produced. One farm 
family feeds itself plus half an urban family, 
and both of them at a miserably low stand¬ 
ard. The prospects for economic progress 
are uncertain. The ratio of population to 
land and mineral resources is so high and 
increasing so fast that capital can hardly 
accumulate at all. It is equally difficult to 
expand agricultural production, yet there 
is urgent need for more food. Here the 
new United Nations Food and Agriculture 
Organisation (FAO) will have a special 
duty. It will have the task of analyzing 
these facts, explaining them to the world, 
and advising appropriate action. 

These, then, are the pictures that the 
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economist sees when lie is asked to arrange 
a marriage between nutrition and agricul¬ 
ture, and I propose now to run very briefly 
over the sort of proposals he would make in 
each of these two situations. Let us, first of 
all, consider the West where the problems 
are much less formidable. 

I want to assume that we are going to 
adopt and apply a consumer philosophy; in 
other words, that we start with the considera¬ 
tion of what is going to be consumed, and 
then see how best to organize production. 
About the consumer a fundamental change 
is taking place in our western thinking. We 
are moving away from the criterion of pur¬ 
chasing power toward a criterion of human 
needs. It is now increasingly felt in western' 
countries that every human being should be 
assured a minimum standard of diet irre¬ 
spective of his financial position, just as it 
has been accepted that he should have a mini¬ 
mum of education whether he can afford it 
or not. 

The nutritionist has applied scientific mea-1 
suring rods to human needs for foodstuffs, 
and now it is nutritional goals rather than 
mere money which we feel ought to influ¬ 
ence the pattern of food consumption. This 
may have all kinds of revolutionary conse¬ 
quences, for it is setting up a new standard 
of values, non-money values. For example, 
with the present maldistribution of purchas¬ 
ing power and ignorance about nutrition, 
consumers may prefer beef to milk, and it 
may pay farmers better to keep beef cattle 
rather than dairy cattle. In the light of all 
that nutritionists have told us we probably 
ought to intervene and change such a situ¬ 
ation. Indeed, some countries, for instance 
the United Kingdom, have during the war 
years given very definite priority to milk 
production. At the same time you must re-] 
sist the temptation of regimenting too com¬ 
pletely the consumer's food intake. The 
palatability and the psychology of diet are 
as important as the nutritive content. The 
consumer must be left a wide choice of foods 
and scope to express his choice in money 
terms. 

It is clear, I think, that this change-over 1 
from what people can afford to what they 
really need is proceeding very rapidly in 
most western countries, and those who care 


about having a healthier community are 
doing their utmost to hasten this along. The 
practical measures for implementing the new 
policy are concerned partly with overcoming 
the disabilities of poverty and partly with 
overcoming those of ignorance. There are, 
first of all, the number of direct measures 
that have become familiar to us all during 
the war years. These include milk in schools, 
school lunches, special distributions for 
mothers and young children, in-plant feed¬ 
ing for workers, enrichment of foods by the 
addition of vitamins and mineral substances, \ 
besides other measures, such as differential 
rationing, which will not continue after the 
war. The direct measures also include edu¬ 
cation of the consumer in the preparation 
and cooking of foodstuffs so as to retain their* 
maximum nutritive value. This campaign 
has only really just begun and needs to be 
carried much further before it will achieve 
many striking successes. It has already re¬ 
corded one notable success, namely, the home- 
canning schemes organized among farm com¬ 
munities in the United States. 

Also important, though less speedy in 
their effects, arc the indirect measures for] 
stimulating better nutrition. The most obvi¬ 
ous of these is income redistribution in its 
various forms: health services, family allow¬ 
ances, free schooling and scholarships, differ¬ 
ential taxation, unemployment and accident 
insurance, etc. All these schemes help to 
insure that whatever adversity may strike a 
family in the lowest income group it shall not 
fall below a certain minimum level of income 
or intelligence and consequently shall not 
need to suffer serious malnutrition. A sec¬ 
ond group of measures which indirectly 
stimulate consumption are those concerned 
with reducing the cost of food to the con¬ 
sumer whether it be by economies in produc¬ 
tion or in distribution. Though private 
enterprise usually achieves the greatest 
economies, this is not always the case. For 
example, in many foodstuffs the services of 
distribution have become unnecessarily elabo¬ 
rate and costly, and the poorer people have 
to pay for services on which the better-off 
people insist. It may be here is a field in 
which a community must take action to make 
essential foods available at reasonable prices. 
•Foodstuffs, after all, have to compete against 
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other consumer needs, and if they remain 
dear while cars, radios, and refrigerators are 
getting steadily cheaper, consumers may be 
tempted to spend too much on these and too 
little on the essentials of health. 

These consumption policies, if successful, 
will call for an expansion in agricultural 
production. Even if the policies are adopted 
slowly and hesitantly, there will be quite a 
notable increase and where they are carried 
out on a substantial scale, very large addi¬ 
tional amounts of food will be wanted. The 
effect of increased purchasing power among 
the peoples of the United States in the earlier 
years of the war shows the sort of thing that 
may happen. There is no technical difficulty 
whatever about getting the extra food pro¬ 
duced. The increased demands of the West¬ 
ern World can easily be satisfied. It is true 
there have been shortages during the war, 
but that was because agriculture was de¬ 
prived of its manpower and its raw ma¬ 
terials. As soon as these are again available 
the danger is not so much that there will be 
too little as that there will be too much food 
produced, at least compared with what West¬ 
erners can consume. 

• For the Western World the production 
problem is really one of discrimination and 
choice. We have to decide where food should 
be produced. The obvious economic answer 
is, of course, production should be located 
where costs are lowest. But level of com¬ 
parative cost can only emerge through the 
process of competition and on this two obser¬ 
vations are necessary. First, competition 
cannot be planned, and an increasing num¬ 
ber of nations want, in some degree at least, 
to plan their agricultural production and 
deliberately relate it to a planned volume 
of consumption. The second point is that 
nations, in deciding their agricultural pro¬ 
grams, have to bear several other factors in 
mind besides consideration of costs. One is 
political security, which will certainly con¬ 
tinue to be a preoccupation of the peoples of 
Europe after all they have been through 
during these five years. Another is the de¬ 
sire to protect farmers, both in food export¬ 
ing and food importing countries, against 
the wild price fluctuations of the world 
market. Third is the desire to stabilize the 
farming industry by guaranteeing a certain 


level of farm incomes and to discourage 
migration out of farming into other occupa¬ 
tions, especially when there is any fear of 
unemployment. In short, just as the money 
criterion is weakening in the field of food 
consumption so also is it weakening, but with 
much less justification, in the field of pro¬ 
duction. This is a trend which seems to me 
undeniable and which we do not face frankly 
enough. The more that economic affairs be¬ 
come regulated consciously by the commun¬ 
ity acting through government the more is it 
likely that social considerations will weigh 
heavily as against economic considerations in 
determining the volume of production of any 
one commodity or the total quantity of agri¬ 
culture which a nation wishes to maintain. 
At the same time the dangers of this trend 
cannot be overemphasized. Costs of produc¬ 
tion may not be the sole criterion, but if they 
are too much lost sight of, we shall for every 
two steps forward be taking one step back¬ 
ward and decreasing our productive effi¬ 
ciency almost as fast as we raise it. 

There remains the final question, namely, 
whether agricultural production should go 
full steam ahead in the hope that consump¬ 
tion can always be stimulated to absorb the 
current output or whether there needs to be 
some conscious adjustment of current pro¬ 
duction to current demand. Since this is a 
matter which cannot rightly be considered in 
regard to the Western World alone, discus¬ 
sion of it will be deferred to later in this 
paper. 

Our examination of the prospects for nu¬ 
trition and food production in the Western 
World has left us comparatively hopeful. 
^The peoples of the West have the power, and 
may have the sense, to give themselves, every 
one of them, nutritionally adequate diets at 
a very reasonable cost and secure for their 
farm populations better living standards 
than they ever had before. In India and 
China and similarly situated countries the 
task is infinitely more difficult. Not only are 
these countries overpopulated already, the 
population is still increasing at prodigious 
speed. In India, for example, it has gained 
25 percent in the last 20 years. If living 
standards are to be raised, wealth has to 
increase very much faster than population. 

It is now commonly agreed that the first 
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essential throughout these regions is indus¬ 
trialization. These countries must devote a 
larger proportion of their labor and other 
resources to manufacture and commerce. It 
is quite impossible to employ on the farm 
lands anything like the numbers that live 
there now. A great proportion of the farm 
population is permanently unemployed, and 
even a very modest improvement in agricul¬ 
tural methods would mean unemployment 
for many more millions. There is no need 
to elaborate on all the projects which are 
waiting to be undertaken and on which this 
surplus labor could be used—not only the 
establishment of industrial plants but also 
the building of roads and the extension of 
railways, which themselves are the basis of 
new industries. Suffice here to say that 
industrial development will require very 
large quantities of capital, indeed all that 
can be squeezed out from home sources as 
well as all that can be borrowed from abroad. 
Basically, it is the amount of capital that 
can be spared which will determine the speed 
at which development can go forward. 

While this is getting under way the up¬ 
grading of agriculture can begin. Again I 
need not enter into a discussion of the prob¬ 
lems which arise in various agricultural 
fields. An enumeration of just a few of the 
headings will suggest the range of problems 
to be tackled—soil conservation, afforesta¬ 
tion, irrigation, drainage, land tenure, credit 
systems, plant breeding, soil fertility, live¬ 
stock improvement, fodder conservation, use 
of fertilizers, introduction of improved 
implements, agricultural education and ex¬ 
tension services, rural health and welfare, 
transportation and marketing facilities—in 
all these and many other fields everything 
remains to be done. These are fields in 
which FAO may be able to help by furnish¬ 
ing, on request, expert advisers from other 
countries, also perhaps by arranging train¬ 
ing facilities abroad for would-be technical 
officers and extension workers. 

There will be some regions in the Far East 
where governments themselves can step in 
and organize improvement schemes; in others 
it will be more profitable to build on the basis 
of the village community, using village per¬ 
sonnel and securing improvements through 
self-help organizations. Everywhere, what¬ 


ever the methods, the difficulties will be 
immense and discouragements will be fre¬ 
quent. The smallness of the farm plots, the 
ignorance of the operators, the religious and 
social taboos, the absence of marketing facili¬ 
ties, the old bad habits of indebtedness— 
these and many other obstacles will slow 
down progress, however wisely and energeti¬ 
cally improvement schemes are carried out. 

There remains the question of consump¬ 
tion policy. In these undeveloped countries, 
nutrition and agriculture are almost identi¬ 
cal. Three quarters of the population are 
farmers, and of the remainder very many 
still retain close contacts with the land. The 
problem, therefore, is to improve the nutri¬ 
tion of the farm family, which too often sub¬ 
sists on a diet of cereals flavored with spices 
and an occasional vegetable. This is a field 
in which extension workers will have to go 
out and build up self-help movements in the 
villages. Experience, in parts of India, has 
shown that village well-being can be com¬ 
pletely transformed by an improvement in 
-poultry keeping and the cultivation of vege- 
* tables. There is no reason why every farm 
family should not grow enough vegetables 
to be adequately supplied at all seasons of 
the year. They take very little land and 
only spare-time labor. It is equally possible 
and inexpensive to universalize poultry keep¬ 
ing and immensely increase the consumption 
of eggs. Under the conditions of most parts 
of the Far East where poultry do riot have 
to be fed intensively, this will unquestionably 
prove the cheapest source of animal protein. 
Moreover, the development of poultry and 
vegetables may quickly make an important 
contribution to the cash income of the peas¬ 
ants. This may involve further develop¬ 
ments, particularly co-operatives for packing 
and marketing, but that, too, may be a first 
step in evolving new habits which will be 
useful later for other commodities, 

' There is also the problem of improving the 
nutrition of the urban population which, 
though at present small, is, we hope, going 
to increase. When we think of the measures 
commonly suggested for western countries, 
school feeding, workers’ canteens, etc., it 
must be recognized that there is little hope 
of these being adopted on a large scale. 
There might, however, be scope for fortify- 
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mg certain .staple foods with vitamins and 
• mineral elements. Yet the financial re¬ 
sources of governments are so limited in 
these undeveloped countries and the other 
calls upon national exchequers so great that 
no large sums can be expected to be available 
for stimulating consumption. 

- Progress can and must undoubtedly be 
made on all these fronts: better nutrition for 
urban and especially farm families, better 
agricultural production methods, new indus¬ 
tries to provide employment for the vast 
labor surplus. But at the back of our minds 
lurks a question: Will it all be negatived by 
the increase in population? Will these 
peoples multiply so fast that despite all 
efforts there will be no increase in wealth 
per head? It is a real question. The first 
impact of 4 ‘ modernization 99 on undeveloped 
countries comes usually in the form of sani¬ 
tation and health services which reduce dis¬ 
eases and death rates, without affecting birth 
rates, so that population increases faster 
than before. This happened in the Western 
World, but fortunately agricultural and in¬ 
dustrial productivity moved forward even 
more rapidly so that output per head rose, 
'and incomes increased. At that point popu¬ 
lation growth began to slacken, partly at 
least because the people clearly saw that with 
small rather than large families they could 
afford to give their children much better 
chances in life. The only hope of curbing 
excessive population growth in Asia is to 
raise living standards by achieving an eco¬ 
nomic development which in speed outstrips 
the growth of population. This is the chal¬ 
lenge. It cannot be met by the East acting 
alone and in isolation. The West must help. 

This is not the place to discuss the pros¬ 
pects of industrial development in undevel¬ 
oped countries and what the chances are of 
assistance from the West. But considering 
solely the question of nutrition and food sup¬ 
plies, clearly, even if general economic devel¬ 
opment does move faster than population, 
the rise in income per head will be slow and 
for many decades there will continue to be 
millions of people in these countries suffer¬ 
ing from malnutrition. On the other side 
of the world, as we saw, stands an agricul¬ 
ture which can easily expand and which 
looks like having to be restrained from pro¬ 


ducing at full capacity because the western 
peoples cannot eat all the output. This is 
the question we left unanswered earlier. 

Can something be done to change this situ¬ 
ation in our time or must we in the West 
stand by as passive spectators? It seems to 
be easy for us to multiply our wealth—we 
who have almost enough already. It is im¬ 
mensely difficult for the poorest peoples of 
the world. Are we going to sit tight and 
keep for ourselves a monopoly of human wel¬ 
fare or can anything be done? Within our 
own nation we are beginning to develop a 
psychology of “To each according to his 
need,” at least in the field of nutrition. Is 
there any chance of extending that principle 
to the international sphere? 

I have in mind that not long after the war 
we may be faced with another paradoxical 
situation of poverty in the midst of plenty, 
somewhat as in the 1930’s was poverty in our 
own Western World coupled with unsale¬ 
able surpluses. I am going to assume for a 
moment that after this war the Western gov¬ 
ernments indulge in a surprising orgy of 
common sense and get rid of the worst pov¬ 
erty within their own borders. I will assume 
that everyone in these countries has a nutri¬ 
tionally adequate diet even if it has to be on 
a rather moderate cost pattern. I am quite 
sure that even under those circumstances the 
farmers of the Western World would be 
wanting to produce quite a lot more than 
was moving into consumption, and that again 
agricultural production would have to be 
controlled, restricted, limited. We should 
have the spectacle of farmers in the United 
States being forced to refrain from produc¬ 
tion while millions in the East continue to 
starve. 

One escape which certain countries may 
attempt to use is, of course, export dumping. 
A government faced with an embarrassing 
surplus of a particular commodity may try 
to unload it at a sacrificial price rather than 
destroy it, but that is not very desirable com¬ 
mercial behavior viewed internationally. We 
really ought to look around for some better 
alternative. Should not the nations explore 
the possibility of an international scheme 
for transferring food at low prices or on 
lend-lease terms from countries which can 
most easily produce it to countries which 
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most need to consume it f For example, the 
International Wheat Council set aside a hun¬ 
dred million bushels of wheat as a gift for 
European relief. Supposing the Council 
decided to do this as a regular thing for the 
needy countries of the world, the cost to be 
financed out of the tax on the consumption 
of wheat by all consumers throughout the 
prosperous countries of the world. It would 
add that negligible fraction of a cent to the 
price of a loaf of bread and yet might con¬ 
tribute substantially toward improving food 
consumption in the difficult countries. The 
same principle could equally be applied to 
other foodstuffs and to non-food agricultural 
products. Even then there would still proba¬ 
bly have to be control of western agricultural 
production, but the controls would have a 
very different flavor if they were combined 
with positive measures for alleviating hunger 
in countries where production cannot quickly 
be expanded. 

I do not claim to have thought this idea 
out in any great detail, but I think it de¬ 
serves serious examination and discussion. 
It is not at all unlikely that we might find it 
just as easy to help undeveloped countries 
along these lines as along the more familiar 
lines of international loans for industrial 
development. Moreover, by doing both 
simultaneously we could substantially ac¬ 
celerate the giving of assistance, and let it 
not be forgotten that this assistance is in no 
sense charity. Judged at the lowest level it 
will certainly be of immense advantage in 
the long run to manufacturers and others in 
the Western World. History shows that one 
can do far more business with a well-off 
nation than with a poor one, and what the 
markets might be among the billion people 
of the Far East, were they to attain any 
reasonable level of prosperity, passes all 
powers of our imagination. There would be 
a steady expansion of demand for the prod¬ 
ucts of industry, especially American indus¬ 
try. Indeed just as Britain avoided unem¬ 


ployment in the nineteenth century by ex¬ 
porting capital goods all over the world, so 
the U.S.A. might find in the second half of 
the twentieth century a similar export of 
goods a most practicable, perhaps the only, 

' way of avoiding chronic unemployment. 
Moreover, it would be only an extension of 
those principles of social justice which are 
becoming increasingly acceptable within our 
*own countries. We recognize that an exces¬ 
sive maldistribution of wealth is not good for 
social health and well-being. We do not 
want uniformity of income, but equally we 
do not approve of the grossest extremes. We 
modify these extremes by taxation on the one 
hand and by education and other social ser¬ 
vices on the other. We do it because on 
balance it makes for a pleasanter pattern of 
human society. By the same token might we 
not decide on a very modest installment of 
redistribution of wealth from the most pros¬ 
perous to the least prosperous countries? 

We seem to have traveled a long way from 
our original subject, namely, the role of the 
economist in furthering the marriage of 
nutrition and agriculture. But the logic of 
the argument lias forced us along this road, 
and there is really no escape. It is true that * 
in the western countries adequate nutrition 
can quite easily and quite quickly be ob¬ 
tained, given only a very little common sense 
and good will on the part of governments, 
but there is no early prospect of substantial 
improvement in the countries of the Far 
East. The consumption capacity is there, 
and immense production capacity is here* 
Are we to fall down on production over here 
and get involved in immense difficulties try¬ 
ing to increase production there, probably 
with limited success, or can we begin to 
realize that the world is one world and that 
full employment, economic prosperity and 
the rest will probably be achieved much more 
easily if we treat it as such. I do not know 
whether we can think this way, but I am sure 
we ought to try. 


j 



RE-EXAMINATION OF THE ADVENTURE OF 
THE LION’S MANE* 

By JOEL W.‘ HEDGPETH 


During his long career of detection Sher¬ 
lock Holmes encountered several cases in 
which his “vast store of out-of-the-way 
knowledge without scientific system” 1 was 
applied in the field of zoology. Some of these 
cases, such as the one involving “a remark¬ 
able worm said to be unknown to science,” 
have, unfortunately, been mislaid in a certain 
tin box, but perhaps the most famous has 
come to us directly from the Master’s own 
hand. 2 This, “The Adventure of the Lion’s 
Mane,” involves a case of fatal jellyfish 
poisoning by the acraspedote tetramerous 
medusan Cyanea capillata, popularly known 
by such names as “hairy stinger,” “sea 
nettle,” or “lion’s mane.” 3 

This case is of particular interest to those 
fond of spending their holidays at the sea¬ 
shore, who are naturally apprehensive of 
being overtaken by a similar fate, and many 
well-meaning popular izers of marine biology 
have contributed little to the peace of mind 
of such persons by adding to the evil reputa¬ 
tion of this coelenterate. Indeed, since the 
days of Edward Forbes, who called it “the 
terror of tender skinned bathers” in his 
famous Monograph of the Naked-Eyed Me¬ 
dusae (published by the Ray Society in 
1848), Cyanea capillata has been character¬ 
ized as one of the more formidable creatures 
of the temperate seas^ In the most recently 
published work on marine life for the gen¬ 
eral reader, Cyanea’s reputation is further 
blackened by a somewhat careless confusion 
between the species encountered by Sherlock 
Holmes and the giant Cyanea of the Arctic, 
which is known to attain a diameter of 7 feet. 4 
Cyanea capillata is usually about a foot 
across, and large specimens may be 2 feet in 
diameter. 

Other writers, from time to time, have 
taken the occasion to contradict these ex- 

* Unofficial communication, Oceanographic So¬ 
ciety of the Pacific. Numbered references are to the 
(i Notes ’* at end of article. 


treme views of Cyanea’s venomous proper¬ 
ties. As Edward Step implied in his book on 
seashore life, the late Professor Forbes was 
fond of picturesque language, and Step him¬ 
self frequently handled this jellyfish without 
experiencing any “discomfort.” 5 Probably 
Crowder’s description represents what the 
average healthy person may expect from 
contact with this particular jellyfish: “A 
sharp, prickling, burning sensation galvan¬ 
izes the muscles of my forearm; but brief as 
is the torturous touch, I retain the livid 
marks for hours after.” 6 

Undoubtedly the most serious danger from 
contact with a jellyfish is the possibility of 
an attack of cramps before the victim is able 
to reach the shore, but on the whole we must 
agree with such authorities as Sydney J. 
Hickson, who declared, in The Cambridge 
Natural History , “The pain has been un¬ 
doubtedly exaggerated in many popular 
works.” 

The medical history of jellyfish stings, 
however, while recording some rather severe 
cases, is nevertheless more encouraging for 
those who may have misgivings about swim¬ 
ming in English and North Atlantic waters 
in general, for there is no recorded fatality 
that can be attributed solely to jellyfish 
poisoning in temperate waters. Indeed, the 
only case in England considered worthy of 
mention in the past thirty years was that of 
a young woman whose symptoms resembled 
an attack of appendicitis. She recovered 
after a few days. 7 

While the jellyfish of tropical waters are 
far more dangerous, often causing serious 
cramps within ten minutes after contact and 
inducing a state of collapse lasting for hours 
if not days, the only known autopsy of a 
fatality attributable to contact with a jelly¬ 
fish indicated that “the fatal outcome was 
too sudden to be ascribed to the poisoning 
alone.” 8 In this particular case, which oc¬ 
curred in the Philippines, the individual was 
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afflicted with the condition known as status 
lymphaticus, which is characterized, in the 
words of the medical dictionaries, "by a per¬ 
sistence or hyperplasia of the thymus and 
by a general lymphadenoid hyperplasia, fre¬ 
quently associated with cardiac and arterial 
hyperplasia.” In other words, the victim 
had a thymus gland, which should have been 
absorbed during adolescence, and enlarged 
adenoids and lymph glands, which made him 
peculiarly susceptible to the shock of an en¬ 
counter with a jellyfish. Such a person 
could also be choked without too much diffi¬ 
culty. He was dead within two minutes after 
contact with the jellyfish. 

The culprit in this ease, as in several others 
reported from Philippine waters, is probably 
Ghiropsalmus quadrigatus Haeckel. 9 An¬ 
other dangerous medusan, known to occur 
also in Chesapeake Bay, is Dactylometra 
quinquecirrha . These jellyfish, together with 
Cyanea, are members of the coelenterate 
order Seyphozoa, formerly part of the more 
inclusive Acelephae of Cuvier. This order 
comprises about 200 species, most of which 
are harmless. 

Probably the most dangerous jellyfish is 
the widely distributed and well-known si- 
phonopore Physalia, or Portuguese-man-of- 
war, which should be avoided if possible, not 
only when alive but also when cast up on the 
beach, for the tentacles are capable of in¬ 
flicting severe stings several days after the 
decease of the creature, as well as when sepa¬ 
rated from it. 10 The most recent case to be 
reported in medical literature involved two 
service men in Puerto Rico, who suffered 
burns, cramps, and a constricted sensation 
about the chest and throat after being stung 
by Physalia. These symptoms were promptly 
relieved by an intravenous injection of 10 cc. 
of 10 per cent calcium gluconate, which the 
authors suggest as a possible treatment. 11 

As yet the nature of the poison secreted by 
the jellyfish is unknown. It is possible that 
it may be a protein capable of inducing an 
allergy, and Libbie Hyman, in her authori¬ 
tative treatise, declares that "it is highly 
probable that the serious syndrome some¬ 
times resulting from coelenterate stings is 
actually anaphylactic shock in cases where 
the victim may have been stung on previous 


occasions by the same species or may be pecu¬ 
liarly sensitive to the proteins involved.” 12 
Her opinion is supported by a case reported 
in 1920 from Chesapeake Bay, in which the 
symptoms resembled those of acute allergy 
poisoning and were suggested as such by the 
physician who attended the case. These in¬ 
cluded itching, burning, coryza and eczema, 
and loss of the voice for 18 days. 13 In the 
two Puerto Rico cases cited above, however, 
the possibility of allergy is denied on the 
basis that both victims were from inland 
areas and had never encountered jellyfish 
before. At any rate the toxin, or whatever 
it is, is uncertain in its effects on the indi¬ 
vidual, and no two persons may expect to be 
affected, especially by Cyanea, in precisely 
the same way. 

Having reviewed, albeit briefly, the pathol¬ 
ogy of jellyfish stings, we may now examine 
the case investigated by Sherlock Holmes, 
which has been, inexplicably, omitted from 
medical literature. This lamentable affair 
occurred, we are told, on the Sussex coast in 
1907, some years after Holmes’s retirement 
from Baker Street. Watson is, fortunately— 
or perhaps unfortunately, in this instance- 
absent. One Tuesday morning "toward the 
end of July” Holmes, while out for a walk 
in the fine air after a gale, meets Harold 
Staekhurst, proprietor of a small coaching 
academy in the vicinity. As they walk along 
the cliff toward the path to the beach, Fitzroy 
McPherson, the science master, "a fine up¬ 
standing young fellow whose life had been 
crippled by heart trouble,” 14 appears on the 
cliff, having just climbed the path. Pie dies 
in agony at their feet, his body marked by a 
network of red lines and spots as if scourged 
by some diabolical device. His dying words, 
as near as Holmes can make them out, are 
"the Lion’s Mane 1” 

"It was speedily evident,” confides the 
Master in his narrative, "that we were in the 
presence of an extraordinary ease.” 15 How 
extraordinary, even Holmes himself did not 
realize. The next person to arrive on the 
scene is the mathematics master Ian Mur¬ 
doch, who "seemed to live in a high abstract 
region of surds and conic sections” 10 and 
who does not impress Holmes very favorably. 
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This unfavorable impression deepens when it 
is discovered that both Murdoch and the de¬ 
ceased were in love with Maud Bellamy, 
“the beauty of the neighborhood.” “This 
strange young man,” we are told, must be 
investigated. 4 * His record must be examined. 
His rooms must be privately searched.” 17 

Unfortunately, there is only a superficial 
search of the man’s room, and a week passes 
without further incident except the not 
inconsiderable spectacle of a bewildered 
Holmes. “And then there came the incident 
of the dog.” McPherson’s dog, possibly the 
same one that Murdoch had thrown through 
a plate-glass window sometime before, al¬ 
though it is not so identified, is found dead on 
the beach at the spot where its master had 
been attacked. This strange incident finally 
stirs something in the vast memory of Sher¬ 
lock Holmes (that memory which Watson 
somewhere called “dubious and question¬ 
able”), and he searches the attic of his cot¬ 
tage for a certain “chocolate and silver vol¬ 
ume.” But before he has a chance to divulge 
his discovery to anyone, Murdoch himself is 
attacked by the same scourging implement 
that had finished poor McPherson. 

After administering brandy and salad oil 
(soaked in cotton) to the afflicted Murdoch, 
Holmes leads Stackhurst and the local police 
inspector down to the fatal spot on the beach 
and gives them the solution of the mystery: 

“I burst into a shout of triumph. *Cy- 
anea! ’ I cried. * Cyanea! Behold the Lion’s 
Mane!’ The object at which I pointed did 
indeed look like a tangled mass torn from the 
mane of a lion. It lay upon a rocky shelf 
some three feet under water, a curious 
waving, vibrating hairy creature with streaks 
of silver among its yellow tresses.” Aided 
by his companions Holmes rolls a large rock 
into the tide pool, pinning the jellyfish be¬ 
neath it, and a “thick oily scum oozed out 
from below the stone and stained the water 
round, rising slowly to the surface.” 

As the creature presumably dies, the ox- 
eyed police inspector exclaims: “What is it, 
Mr. Holmes ? . . . I never saw such a thing. 
It don’t belong to Sussex.” 

“Just as well for Sussex” is Holmes’s 
characteristic retort. “It may have been the 
southwest gale that brought it up. ’ ’ 1S 


Thus the case ends: Murdoch is exonerated 
and Holmes is none too proud of his part in 
its solution. “I was slow—culpably slow.” 

Indeed he was. There are several dis¬ 
crepancies in this affair that, upon re¬ 
examination, indicate a more sinister expla¬ 
nation than a mere accident. To begin with, 
this “chocolate and silver volume,” which 
Holmes consults as an authority for the evil 
potentiality of Cyanea, is, we are informed, 
“Oat of Doors,” a work by that eminent 
and popular amateur naturalist, the Rever¬ 
end J. G. Wood. Undoubtedly the reverend 
gentleman was particularly sensitive to the 
sting of this jellyfish, for his account is by 
all odds the most harrowing in the literature 
of marine natural history. As Step {loc. ait.) 
remarks, Wood’s account improves upon 
Forbes, and a nervous person might well be 
frightened into a faint by the mere sight of 
a jellyfish after reading Wood’s version. 
But when we examine his account of his ex¬ 
perience more closely, however, some inter¬ 
esting facts come to light. He was stung not 
once, but twice, yet despite his own experi¬ 
ence he declares: “And it may perchance 
happen that whereas the contact o£ the 
Cyanea’s trailing filaments may affect one 
person with almost unendurable pangs, an¬ 
other may be entangled within their folds 
with comparative impunity.” 19 

Incidentally it is to be regretted that in his 
eagerness to destroy this creature Holmes did 
not stop to investigate its strange behavior, 
for jellyfish do not usually sit on rocks. An¬ 
other curious discrepancy is the discharge of 
oil, which can be explained at this late date 
only by the suggestion that the jellyfish was 
eating some oily fish, possibly a small shark, 
and the oil actually came from the iiver of 
the shark. It should have been a well-known 
fact, especially to Holmes, dabbler in science 
that he was (“a picker up of shells by the 
shore of the great unknown ocean,” as 
was James Mortimer who coveted Holmes’s 
skull), 20 that a jellyfish is about 95 per cent 
water, since Macullum’s classic paper on the 
composition of medusae had been published 
four years before. 21 But Holmes never was 
much of a zoologist. 22 

But to return to the melancholy affair in 
Sussex and the works of Dr. Wood. As we 
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read this account carefully an uneasy sus¬ 
picion stirs in our minds. Consider tire 
facts: McPherson was known by everyone to 
have a weak heart. He has won Murdoch’s 
girl away from him, and Murdoch is no per¬ 
son to be crossed. Any man who would 
throw a dog through a plate-glass window 
will bear watching. Although Holmes does 
not realize it, McPherson appears to have had 
some previous experience with jellyfish, for 
he knows what has attacked him, and it is 
quite possible, in his capacity as science 
master of the academy, that he had fre¬ 
quently related his experience to his boys as 
a warning. Undoubtedly Murdoch knew of 
this, and it is more than probable that he had 
seen Wood’s book, for it was widely read. 
The coincidences are too pat: the same cir¬ 
cumstances that Wood relates are duplicated 
on the Sussex coast, as if a stage had been set. 
On a morning “toward the end of July” 
near Margate, after a heavy southwest gale, 
Wood was stung by a jellyfish, and after a 
similar southwest July gale a jellyfish is 
washed inshore on the Sussex coast and be¬ 
comes trapped in the tidepool used by Mc¬ 
Pherson for his morning dip. 23 And on that 
same morning Murdoch finds an excuse to 
keep McPherson’s boys in class. 

We are, then, in the presence of a most 
sinister crime, perpetrated under the very 
eyes of Sherlock Holmes by a young man who 
need yield no laurels to the redoubtable Mor- 
iarty. It is even possible that Murdoch may 
have been a man before his time, suspecting 
the nature of anaphylactic shock, but it is 
more probable that he only hoped to kill Mc¬ 
Pherson by planting a jellyfish in his bathing 
pool and would have been content to see his 
rival incapacitated. He realized, probably 
from his own experience if not from reading 
the Reverend Mr. Wood, that a strong man 
with a stout heart had nothing to fear from 
contact with a jellyfish but discomfort, and to 
confuse the district’s most eminent resident, 
the famous Sherlock Holmes, he submits him¬ 
self to the jellyfish. Surely, as a teacher of 
mathematics, he had a logical mind and 
would not have gone into the same pool in or 
near which McPherson had received his fatal 
wounds on what was, ostensibly, an inex¬ 
plicable whim. 

But Holmes does not question his motives 


for entering the pool and is convinced of 
Murdoch’s innocence. He accepts his ex¬ 
planation that the rivalry for the lady’s hand 
had been amicably settled. The possibility 
never seemed to have occurred to Holmes 
that this disarming young man, who had so 
overcome the initial unfavorable impression 
he had made upon Holmes as to lull all his 
suspicions, had secured a Oyanea in some 
manner and placed It in the tidepool with 
diabolical malice aforethought. Had be been 
as familiar with the medical literature on 
jellyfish stings as he should have been, 
Holmes would have realized that no two re¬ 
ported eases have exhibited identical symp¬ 
toms, and that the stout young Murdoch’s 
symptoms were entirely too close to those 
suffered by the tender-skinned Reverend Mr. 
Wood to be mere coincidence. Beyond all 
doubt this dark, brooding, “ferocious tem¬ 
pered” young man, disappointed in love and 
capable of throwing innocent dogs through 
windows, had conceived a most ingenious 
crime and to allay suspicion bad caressed his 
own monstrous pet. But his own injuries 
were not serious enough, and so he found ways 
to reproduce those experienced by Dr, Wood. 

We can excuse Holmes for failing to see 
through, this ingenious and subtle crime only 
on the basis of his advancing years and his 
failure to make a thorough search, of Mur¬ 
doch’s quarters. It is not too much to sus¬ 
pect that Murdoch, possessed a copy of that 
same chocolate and silver volume (although 
its cover may have been green and gold, as 
that of the copy in this author’s possession), 
which was consulted by the Master, and its 
discovery would have revived his suspicions 
of Murdoch. Another serious oversight was 
his failure to investigate the fishing boats 
that were such a prominent feature of the 
seascape, for it is possible that one of them 
may have supplied Murdoch with his Oyanea. 
It is strange, incidentally, that Holmes did 
not see through the incident of the dog, for 
it is most unlikely that an Airedale terrier 
would have succumbed to the sting of a jelly¬ 
fish—its hair alone would protect it—and it 
seems evident that Murdoch poisoned the 
dog, for he was a man who did not like dogs, 
and placed its body by the pool where Mc¬ 
Pherson had met disaster, as a red herring. 

But it is the privilege, nay, the right, of a 
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Master to make colossal mistakes, and of all 
the errors of Slierlock Holmes this is un¬ 
doubtedly the greatest-unless the affair 

involving the giant rat of Sumatra, 41 a story 
for which the world is not yet prepared, ” is 
a similar example of the Great Detective’s 
capacity to blunder on a magnificent scale, 
and Watson’s suppression of the story was 
inspired, not by its horrible details, but out 
of reverence for his friend’s reputation. 24 

Although the adventure of the lion’s mane 
occurred many years ago, it is disturbing to 
think that such a crafty and ingenious crimi¬ 
nal as Ian Murdoch may still be alive and 


at large (certainly he is no longer in Sussex). 
It is possible that he may have pulled the 
wool over pretty Maud Bellamy’s eyes as 
successfully as he did over those of Holmes 
and may have become the sire of a whole 
brood of evil-doers, one of whom may even 
now be in our midst. Maud Bellamy may 
always remain in Holmes’s memory as “a 
most complete and remarkable woman,” but 
even a woman can be deceived, to say nothing 
of an eminent detective, and it is to be hoped, 
if she did allow herself to be deceived by Ian 
Murdoch, that she is no longer alive to realize 
the true nature of that “strange man.” 
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THE PHILOSOPHER 

Say on, philosopher; what have you found $ 

What weighty , abstruse tome would you expound 

In answer to the queries of a mind 

Which seeks to know the cause and all behind 

This world and life? Would one be too naive 

If he , at length, were able to achieve 

An attitude wherein he views as real 

The things we see and hear and taste and fed? 

Or is it just a pattern in the brain— 

A picture done in five sense-hues—no moret 
Must earth-trapped men forbid their thoughts to soar 
Beyond the bounds of bare objective planef 

When you say, “Yes,” your colleague answers, “No.” 

And thus the ponderous volumes swell and grow 

As ratiocination earnestly 

Endeavors to attain finality 

By formulating some great argument 

Which none can answer, none can circumvent . 

But one thing only have you proved, to wit, 

This bit, that ex nihilo nihil fit, 

And Truth is something Man may never know. 

Yet seek! Perhaps not even this is so. 

—Guy Woodward. 
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THYROPROTEIN FOR INCREASED MILK 
AND EGG PRODUCTION 

While thyroid gland substance has been 
used for more than half a century for the 
correction of thyroid deficiency in man, it 
has been found only recently that thyroidal 
materials may also be used very effectively 
to stimulate such processes as milk produc¬ 
tion in dairy animals and egg production in 
hens. In the past, research on the possible 
use of thyroid treatment in animal produc¬ 
tion has not been undertaken, in part because 
of the prohibitive cost of the natural hormone 
for such purposes. The recent development 
by the authors of a chemical process for pro¬ 
ducing an inexpensive and highly active 
“thyroprotein” will, it is believed, lead to 
rapid progress in this field. 

The discovery of iodine in the thyroid in 
high concentration by Baumann about fifty 
years ago stimulated considerable research on 
methods of introducing iodine into the pro¬ 
tein molecule. 

It was found that protein could be iodin- 
ated though the final product, varied accord¬ 
ing to the conditions employed. During the 
next 40 years, these various iodinated pro¬ 
teins were tested for thyroidal activity with 
either negative results or very questionable 
effects. 

In the meantime thyroxine was isolated 
from hydrolysates of thyroid substance in 
1919 and synthesized by Harington and 
Barger in 1927. This work was extremely 
important in establishing the constitution 
of thyroxine, but the synthetic hormone was 
still far too expensive for extended use with 
domestic animals. 

Returning in the late thirties to further 
research on iodinated proteins, a Swiss in¬ 
vestigator obtained more definite physiologi¬ 
cal effects by the recovery of an acid-insoluble 
fraction of iodoprotein after hydrolysis. 
Later, German chemists reported the isola¬ 
tion of traces of thyroxine from hydrolysates 
of iodoproteins. Their observations were 
confirmed by the famous English thyroid 
chemist, Harington. This work indicated 
that by suitable means of iodinating protein 
one step in the synthesis of thyroxine had 


been made. However, since the iodinated 
protein as such contained little thyroidal 
potency, it was thought that the transforma¬ 
tion to thyroxine occurred during the process 
of hydrolysis. 

A new interest was aroused by the discov¬ 
ery of Graham in Canada of the marked in¬ 
fluence of thyroid feeding and thyroxine in¬ 
jection upon milk and fat secretion of dairy 
cows. Following the administration of thy¬ 
roidal substances, the yield of milk and the 
fat percentage both increased and were sus¬ 
tained at a higher level so long as administra¬ 
tion continued. However, since the cost of 
all thyroidal substances was very high, it 
seemed desirable to determine if the thy¬ 
roidal potency of iodinated protein could be 
increased sufficiently so that it would serve, 
without preliminary hydrolysis, as a cheap 
source for animal feeding. 

Using the frog tadpole as a test of biolgi- 
cal activity at first, the various steps in the 
process of iodinating the milk protein, casein, 
were checked. Such factors as pH, extent of 
iodination, temperature, time, catalyzers, 
agitation, and others were tested. As a result 
of these studies it has been found possible to 
produce iodinated casein containing about 3 
to 4 per cent thyroxine. 

By this process of iodinating casein, or at 
least as the end result, nonthyroidally active 
proteins are transformed into biologically 
active thyroproteins by the synthesis in vitro 
of the thyroxine amino acid as an integral 
part of the protein. There is every reason 
to believe that this in vitro process is identi¬ 
cal to the in vivo formation of the thyroid 
hormone in the gland. In one case any tyro¬ 
sine-rich protein can be used as a starting 
material, whereas in the thyroid gland globu¬ 
lin is transformed into thyroglobulin. That 
the thyroid gland does not always complete 
the process has been shown by the great vari¬ 
ation in thyroidal potency of thyroid glo¬ 
bulin and by the further fact that iodination 
of such thyroglobulin may increase its po¬ 
tency. 

It has been shown that the thyroxine re¬ 
covered from the thyroid gland is in the 
optically ’active levo form. We have been 
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able to isolate 1-thyroxine from casein thyro¬ 
protein, showing* that it is similar to the natu¬ 
ral product in this respect. 

The use of desiccated thyroid to correct 
conditions of thyroid insufficiency in man is 
a well-established therapeutic remedy. The 
fact that it can be administered orally has 
greatly contributed to its wide use. In 
domestic animals its use has been limited by 
its high cost. In addition to its favorable 
effect upon the milk secretion process in 
dairy cattle, preliminary experimental work 
indicates its favorable effect on the lactation 
process in other domestic animals where the 
milk production may be a limiting factor in 
the rate of growth of the young. 

Trials with poultry indicate beneficial 
effects in promoting more rapid growth and 
feathering of growing chicks and in stimu¬ 
lating and maintaining a high level of egg 
production, especially during the summer 
when the natural thyroid secretion is at a 
low ebb. Experiments are in progress to 
determine if the decline in egg production 
with advancing age may not be partially ar¬ 
rested so that the productive life of the laying 
hen may be extended. 

The experimental work already conducted 
with thyroprotein indicates the importance of 
the dosage range to obtain beneficial effects. 


It is necessary to feed somewhat more than 
the thyroids produce normally and yet not 
enough to increase the metabolism beyond the 
optimum. At the optimum level of feeding, 
the body weight and productive processes 
are maintained. If excessive amounts are 
fed, the well-known signs of hyperthyroid¬ 
ism appear—loss of weight, rough hair, in¬ 
creased heart rate, reduced milk and egg 
production, etc. In the smaller animals the 
proper amount of thyroprotein can be added 
to the grain mixture,* in larger animals such 
as dairy cows the optimum amount to feed 
can be judged by the animal husbandman as 
measured by the body weight and condition, 
and by the production o£ milk. 

That the products, milk and eggs, of ani¬ 
mals fed thyroprotein are safe foods has been 
shown by their freedom from thyroxine. 
The mammary gland and the oviduct of the 
hen are nonpenneable to thyroxine. 

Although the synthesis of highly active 
and uniform thyroprotein is now well estab¬ 
lished, research into its possible uses is just 
beginning. A few applications have been 
described. It is believed, however, that many 
other interesting and possibly useful effects 
of this substance will come to light as inves¬ 
tigations continue,—0. W. Turner and E. P. 
Reineke, Missouri Agr. Exp. Sta. 
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PERSONALITY PLUS 
Personality and the Behavior Disorders. Edited by 

J. McV. Hunt. 2 Vol. 1242 pp, Illus. 1944. 

$10.00. Ronald Press Company, New York. 

The subtitle of this assembly of thirty-five 
chapters written by forty authors is: A 
Handbook Based on Experimental and Clin¬ 
ical Research. It aims at “ scientific knowl¬ 
edge about the behavior of whole individu¬ 
als.” Since the problem cuts across a num¬ 
ber of scientific fields—sociology, psychology, 
psychiatry, medicine, education, etc.—and 
since there has been a large accumulation of 
literature on the general problem of “per¬ 
sonality” in recent years, the aim of the 
book, as stated by its editor, has been to 
assemble this literature into a compact ex¬ 
position, and secondarily, to “foster this 
cross-disciplinary approach” to the study of 
the self. 

The list of contributors is large, and in 
many instances eminent. Their training, 
interests, and points of view are as widely 
divergent as the poles. In consequence the 
terminology shifts from chapter to chapter 
so that the reader must constantly add to his 
immediate reading some knowledge of the 
antecedents of the writer if he is to achieve 
the maximum of understanding. “Person¬ 
ality,” the editor observes, is “not altogether 
a fortunate term.” If the average reader 
seeks some clarity and precision as to the 
meaning of the word, as did this reviewer, 
he will complete the two volumes clear as 
to the inevitable confusion in any relatively 
new field but still wondering as to the where¬ 
abouts of the “dynamic laws” of the be¬ 
havior of “whole individuals.” One won¬ 
ders too why two outstanding leaders in the 
setting of the theoretical framework are not 
represented. The job of collecting and edit¬ 
ing was a prodigious one and was certainly 
well done. If there are shortcomings of 
theory, method, language, confirming experi¬ 
mental results, definition, behavior classifica¬ 
tion, therapy, etc., certainly these are recog¬ 
nized and duly appraised by Professor Hunt. 

Some chapters are obviously weightier and 
better written than others. The book is 
literally of encyclopedic proportions and is 
a contribution to its field in that within its 


two volumes will be found summaries of 
present-day theory and practice not readily 
available except to those near a good library. 
In Vol. I: Part I, three chapters, deals with 
Theoretical Approaches to Personality; Part 
II, three chapters, Cross-sectional Methods 
of Assessing Personality; Part III, nine 
chapters, Behavior Dynamics, Experimental 
Behavior Disorders, and Hypnotism; Part 
IY, four chapters, Determinants of Person¬ 
ality—Biological and Organic. 

In Yol. II: Part Y, five chapters, Determi¬ 
nants of Personality — Experimental and 
Sociological; Part VI, seven chapters, Some 
Outstanding Patterns of Behavior Disorder; 
Part VII, two chapters, Therapy and the 
Prevention of Behavior Disorders. 

The make-up of the book is typographically 
excellent. Its indices and bibliographic cita¬ 
tions are extensive and accurate. Professor 
Hunt in presenting these volumes has made 
a real contribution to an important, if rela¬ 
tively new and poorly organized, field,— 
Samuel Rensiiaw. 

HYPNOANALYSIS OF A CRIMINAL 

licbel without a Cause. Robert M. Lindner. 296 pp. 
1944. $4.00. Gruno & Stratton, New York. 

The subtitle of the book suggests the na¬ 
ture of the book’s content. Through the use 
of hypnoanalysis Dr. Lindner attempts to 
have his patient “Harold” understand the 
unconscious motivations behind his antisocial 
behavior. He describes the characteristics 
and technique of hypnoanalysis and then 
proceeds under the heading of “Results” to 
give the reader forty-six sessions of what 
he calls “free-association” material elicited 
from his subject under hypnotic Influence. 
This verbal catharsis of the patient is pro¬ 
fusely interspersed with the author’s ana¬ 
lytic interpretations, questions, hypnotic sug¬ 
gestions, and miscellaneous comments, which 
appear in italics. 

Much of the results suggest that produc¬ 
tions by the patient, rather than being free 
and associational, have been divined by the 
author and suggested and reinforced later 
by suggestion. Prom the promiscuous use 
of the psychoanalytic vocabulary, it is not 
surprising to find that this book has been 
235 
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written not by a trained psychoanalyst but 
by an academic psychologist who seems to be 
(on the surface) very critical of psycho¬ 
analysis yet appears to have accepted all 
its tenets. The trained psychoanalyst would 
have been more than merely skeptical as to 
the accuracy and reliability of the psycho¬ 
analytic mechanisms brought forth from the 
patient’s account of his life. One wonders 
if the author may not have taken the suit 
worn by Freud and tailored it to fit his 
patient. The whole presentation sounds so 
much like conversation of Charlie McCarthy 
coming through the immovable lips of Edgar 
Bergen. This psychoanalytic ventriloquism 
is particularly demonstrated when patient 
repeatedly states in effect: “I see it all. It 
is all very clear to me now. Yes. That’s 
it! That’s it!” 

The material reflects the inescapable im¬ 
pression that the author began with precon¬ 
ceived notions of the Freudian formula and 
then proceeded to apply it to the analysis 
of his patient. One wonders if the author 
has not been exposed to the temptation oO 
suggesting leading questions and answers by 
having his patient become too agreeable in 
accepting “stock interpretations” catalogued 
from the Freudian index such as the Oedipus 
fixation to the mother, the castration phe¬ 
nomenon, the repressed homosexual compo¬ 
nent, the heterosexual inhibitions, the homi¬ 
cidal impulse and anti-social behavior repre¬ 
senting a projection of his ambivalence and 
hostility against the father onto society, the 
conversion symptom of his squint or eye 
inferiority developing as a result of an in¬ 
fantile psychic trauma, and the guilt and 
inferiority component. It all sounds as 
though a square peg has been whittled down 
to fit a round hole. 

Pseudologica phantastica is common to 
psychopaths and so is extreme suggestibility. 
The reliability of the patient’s account of his 
infantile memories certainly seems very 
doubtful to say the least. Psychopaths enjoy 
their “power of exaggeration.” Their semi¬ 
truths are equivalent to the dream distor¬ 
tions of neurotics. The more one reads the 
subject’s account of his infantile reminis¬ 
cences, the more skeptical one becomes of 
hypnoanalysis as a method of stimulating 
repressed memories of cradle days. 


Since Charcot’s time hypnosis has under¬ 
gone decline. While it is true that there are 
psychoanalysts today who are attempting to 
revive hypnosis in the service of psycho¬ 
analysis, Freud must have had definite rea¬ 
sons for abandoning hypnosis in favor of 
free association in the waking state and for 
not coming to it later in the light of subse¬ 
quent discoveries. Superficially, almost any¬ 
one can hypnotize anybody; actually, rela¬ 
tively few people are truly hypnotizable, and 
the execution of a hypnotic seance requires 
experience, great caution, and ingenuity. 
One may get with hypnosis almost anything 
he looks for; but true, scientifically verifiable 
results are rare. The limitations of hypno¬ 
analysis are many. For one thing, hypno¬ 
analysis is inclined to develop in the patient 
a state of dependency—a tendency toward 
autohypnotization; this is the very opposite 
of the aim of psychoanalysis. Hypnosis 
smacks too much of charlatanism. Patients 
often ask psychoanalysts - to “hypnotize 
them” and expect a cure as if by magic. It 
diminishes the patient’s will to get well and 
is apt to prevent rather than expedite the 
restoration of the patient’s confidence. Tt 
fails to provide the emotional catharsis so 
essential in a cure. The question also arises 
as to whether a hypnoanalytic cure has a last¬ 
ing value. We do not have, as yet, sufficient 
case-proof of its efficacy, for Harold is still 
in prison and we do not know whether he is 
cured or not. Will hypnoanalysis succumb 
to the same fate as insulin-shock therapy? 
It is still in its experimental stage, and any¬ 
thing new is bound to be attended with en¬ 
thusiasm. One should be very cautious in 
the interpretation of results, which are all 
too easy and deceptive. 

On the positive side, the book helps to sup¬ 
port the contention of Karpman, Healy, 
Alexander, and others that crime is an ill¬ 
ness—that the criminal is a sick person in 
need of treatment rather than punishment. 
But the reviewer fails to see anything new 
or spectacular about that thesis. He would 
have preferred that the author wait five or 
ten years before publishing the book if for 
no other reason than to see the ultimate re¬ 
sults of the therapy as tested by reality. 

Sufficient evidence has been brought forth 
by the author to convince readers that Har- 
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old’s antisocial behavior was a symptom of 
his sick mind. The author apparently suc¬ 
ceeded in establishing some sort of rapport 
with his subject through hypnosis. This is 
significant, for experience has taught us that 
quite universally it is extremely difficult to 
develop a true positive transference with- 
criminals. It may be that Harold, after all, 
is not a psychopath, but a psychoneurotic 
with a psychopathic facade. This, too, is 
nothing new. 

To segregate criminals and eventually 
parole them back to society is equivalent to 
returning the hospitalized alcoholic back to 
his drinking friends. The inmate who has 
served his sentence and has gained nothing 
in the way of insight into his antisocial be¬ 
havior is potentially susceptible to the repeti¬ 
tion of his crimes. It took Pinel to convince 
civilization that the insane were sick indi¬ 
viduals in need of hospital care. The world 
awaits another champion who will convince 
our legislators of the need of supplanting 
barbarism of cells, chains, and the electric 
chair with chairs for mental hygienists and 
prison psychotherapists. But if psychother¬ 
apy is to be done in prisons the reviewer 
would stick to conventional, case-tested psy¬ 
choanalysis until hypnoanalysis has proven 
its undoubted worth with many men and on 
many minds— Frank S. Caprio, M.D. 

SCIENCE IN AMERICA 

Men of Science in America. Bernard Jaffe. 600 pp. 

Ulus. 1044. $3.75. Simon and Schuster, New 

York. 

I know of no better praise of this book 
than to say that it is a good one. It has been 
carefully planned and admirably written and 
ought to be read by scientists and nonscien¬ 
tists alike, in fact by all Americans who 
would have the history of their country from 
a new perspective. It needs no lengthy re¬ 
view, but a few of its characteristics and im¬ 
plications may well be noted. 

Mr. Jaffe has selected nineteen scientific 
titans around whose lives and accomplish¬ 
ments (spanning a period of nearly 400 
years) he has woven his story of American 
science, which he subtitles “The Role of 
Science in the Growth of Our Country.” 
These representative men, chronologically, 
are: Thomas Harriot, naturalist and mathe¬ 


matician; Benjamin Franklin, natural phi¬ 
losopher; Benjamin Thompson, physicist; 
Thomas Cooper, chemist; Constantine Sam¬ 
uel Rafinesque, botanist and ichthyologist; 
Thomas Say, entomologist; William T. G. 
Morton, anesthetist; Joseph Henry, physi¬ 
cist; Matthew Fontaine Maury, hydrogra- 
pher; Louis J. R. Agassiz, biologist; James 
Dwight Dana, geologist; Othniel Charles 
Marsh, paleontologist; J. Willard Gibbs, 
mathematical physicist; Samuel Pierpont 
Langley, aeronautical engineer; Albert Abra¬ 
ham Michelson, physicist; Thomas Hunt 
Morgan, geneticist; Herbert McLean Evans, 
anatomist; Edwin Powell Hubble, astrono¬ 
mer; and Ernest Orlando Lawrence, nuclear 
physicist. Of these the last four are still 
living. 

Such a list in some ways may seem arbi¬ 
trary, for other names might have been 
chosen to represent, perhaps equally as well, 
the same periods and fields of science. Pri¬ 
marily, however, the book is not a series of 
biographical sketches but rather an inte¬ 
grated history; one man’s work leading to, 
ihuminating, and overlapping another’s. 
The names selected are but focal points 
around which the author has written an 
extraordinarily consecutive, unified, and 
meaningful account. 

The integration thus achieved, especially 
in the earlier chapters, is not merely one with 
kindred matters of science but also with the 
social, political, and other affairs of the 
times. “Political democracy and natural 
science,” writes Charles Beard, “rose and 
flourished together.” And that brings us to 
an observation implied in Mr. Jaffe’s book 
that seems to me significant. It is the con¬ 
trast made apparent between the modern 
man of science and his early forerunners. 
The early American scientists, as portrayed 
by Mr. Jaffe, were invariably men of their 
times—citizens first and men of science sec¬ 
ond. In the old days, it appears, a man 
could be more than one thing at a time: he 
could be a discoverer of fundamental laws 
of electricity, a political wizard, and an 
astute printer; he could be an entomologist 
and also a pioneer in social experiment; he 
could be the author of Ichthyologia Ohiensis 
as well as of Safe Banking, Including the 
Principles of Wealth . As George Sarton 
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puts it (in his introduction to this book), 
“There was a time when science sprang up 
as it were in the shadow of wisdom. ’ ’ 

Gradually, however, the age of specializa¬ 
tion .crept up on us. Scientific knowledge 
increased by geometric progression, until 
only fools could pretend to know it all or 
claim circumambient minds. The natural 
philosopher became rarer and rarer, and 
analysts increased like Drosophila. Special¬ 
ists hewed to their lines, nor dared let their 
chips fly too far. If an occasional brave 
spirit ventured forth into the peripheral 
stratosphere, he was definitely “off the 
beam” and headed for a “crack-up.” Like 
the ants in Robert Frost’s poem, he must be 
“thoroughly departmental.” Mr. Jaffe 
quotes Linus Pauling: “We need specialists 
with no outside disturbance”; and Thomas 
Hunt Morgan: “The place of science in so¬ 
ciety depends upon the individual scientist. 
It is not his duty to engage in the solving of 
social problems. ...” The result, as Mr. 
Jaffe records, was the oft-regretted disparity 
between scientific and social progress. Sci¬ 
ence, it seems, took over the controls before 
she knew how to steer too well, knowing more 
about the electron, the gene, and interstellar 
space than about human economy. Appar¬ 
ently she could gain the whole universe and 
lose her own soul. 

The reader therefore closes this exciting 
and stimulating book on a note of pessimism, 
marveling at two things—the truly great 
achievements of America’s scientists, and 
the even greater ones predicted for the post¬ 
war world, and the mess that the world is 
in despite it all. Certainly science, with this 
record of achievement, has not failed us. It 
may be that we have reached an impasse: 
that the truth shall make men free, but that 
men cannot know the truth until they are 
free. It may be that there remains another 
Element to be discovered, which will be the 
key to the unbalance into which the affairs of 
the human race have fallen. 

Mr. Jaffe has done a remarkable job of 
digesting for this book his material in the 
many fields of science concerned, some of 
them highly technical, and of presenting it 
so readably and authoritatively for the gen¬ 
eral reader. His many years of science 
teaching and writing have stood him in good 


stead. As an editor I must commend too the 
index to his book. The practice of inserting 
birth and death dates in parentheses after 
persons’ names in the index is one that might 
well be more widely followed. Indexes are 
often such headaches that it is unusual to 
find an author putting extra work on one.— 
Paul II. Qei-iser. 

MOSQUITO CONTROL 

Mosquito Control. (Revised Edition.) William B. 

Menus and Harold F. Gray. 410 pp. Ulus. 1944. 

$3.50. Commonwealth Fund, New York. 

The first edition of Mosquito Control con¬ 
tained 317 pages with GO illustrations, 
whereas the second edition contains 419 
pages with 86 illustrations. The revision is 
now more valuable for persons who have had 
a limited experience in the control of mos¬ 
quitoes. The bibliographies at the end of 
each chapter and for geographic regions at 
the end of the book have been increased to 
include many of the new papers on mosquito 
control. Detailed instructions are given on 
how to collect different stages of mosquitoes, 
and the different types of mosquito traps that 
are in use for sampling populations of mos¬ 
quitoes are presented. 'We think it would 
have been well to include also the rotary- 
type trap developed by Joseph G. Chamber¬ 
lain and F. E. Lawson of the Bureau of 
Entomology and Plant Quarantine. There 
is a good discussion of malaria and other 
insect-borne diseases together witli a list of 
vectors for different areas. Following these 
chapters, the authors give detailed pro¬ 
cedures for control of mosquitoes and for 
protecting individuals from the bites of these 
pests. Most of the treatise on the construc¬ 
tion of different kinds of ditches and the care 
of sumps and automatic devices for flushing 
streams is based on practices employed dur¬ 
ing the years of peace. These suggestions 
are applicable to many military bases and 
must be depended upon in areas where the 
new methods and materials developed for the 
war effort are not yet available. Because of 
the problems of mosquito control along the 
coastal regions of islands and the necessity 
of establishing military bases in such places, 
we believe that it would have been well to 
have differentiated between the use of dikes 
and tide gates for areas subject to slight 
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tidal action and their use in areas subject 
to high tides. The elimination of breeding- 
places of salt-marsh mosquitoes and sand flies 
in low-tide areas presents a problem that 
involves the use of pumps for removing 
water from inundated areas. 

The information given on spraying equip¬ 
ment is especially good for the types of 
sprays that have been used in the United 
States in past years. For the new spray 
concentrates that are transported in foreign 
areas by air and are applied with new types 
of equipment, the methods given in the book 
will prove a disappointment to the reader. 

Some information is given on the author’s 
experience in laboratory tests with DDT, but 
there are inaccuracies in the chemical nomen¬ 
clature of the material, and the chemistry of 
DDT (page 239) seems to be greatly con¬ 
fused. The authors suggest that this new 
insecticide be tested in the field for certain 
specific breeding conditions of mosquitoes. 
The information on DDT will be a keen dis¬ 
appointment to many persons who are now 
using this material with more advanced 
methods of application for control of mos¬ 
quitoes in the allied armies. The authors 
either were not familiar with the work that 
had been done by the Bureau of Entomology 
and Plant Quarantine or they refrained from 
presenting the results because of restrictions 
by military authorities. 

There is a good section on the use of oils 
and larvicides, another on the applications 
of such materials, and another on the use 
of fish, all of which will appeal to persons 
interested in the practical control of mos¬ 
quitoes. The section on emulsifiers could 
have been improved by the addition of some 
information on specific emulsifying agents, 
such as those used by Knipling et al. 

Airplane applications of Paris green, the 
use of new mosquito repellents, and the use 
of aerosols are treated in the book, and the 
information should be helpful to those who 
are not familiar with these developments. 

For workers in foreign countries the au¬ 
thors discuss methods of control of mos¬ 
quitoes breeding in bombed areas, and in 
bromeliads. Special attention is given to 
methods for controlling Aedes aegypti, be¬ 
cause of its real and potential danger. 

A new chart lists the more important 


anopheline mosquitoes that transmit malaria, 
the principal regions where they occur, and 
their typical breeding places. This will be 
valuable as a reference for those who are 
transferred to foreign lands and find them¬ 
selves in need of suggestions on the breeding 
places of different species. 

Appendix B gives the vectors for yellow 
fever, dengue, filariasis, and endemic en¬ 
cephalitis. This section is also a valuable 
adjunct and should serve to orient the med¬ 
ical supervisor, entomologist, and sanitary 
engineer. The new appendix includes fifteen 
very valuable pages on the identification of 
mosquitoes. It is believed that the keys are 
sufficient to enable the sanitarian and others 
who are not experienced with mosquitoes to 
identify tentatively some of the species that 
are commonly encountered. The larger bib¬ 
liography arranged according to geograph¬ 
ical areas will no doubt prove very valuable 
for those who desire to review more of the 
literature on the subject. 

The book should be in the hands of every¬ 
one who is working with mosquitoes because 
it is a good compilation of much of the litera¬ 
ture in a readily accessible form.—W. E. 
Dove. 

LIFE IN THE MIDDLE AGES 

University Records and Life in the Middle Ages, 

Lynn Thorndike. 476 pp. 1944. $5.55. Colum¬ 
bia University Press, New York. 

Professor Thorndike’s contribution to the 
history of science in the Middle Ages has 
been not only gigantic in volume and monu¬ 
mental in scope but fundamentally fresh in 
outlook. The six volumes of his History of 
Magic and Experimental Science lay the 
basis for a veritable revolution in our atti¬ 
tude toward the subject of science history 
and our understanding and employment of 
a truly scientific approach to the available 
material. Professor Thorndike literally ex¬ 
amined and summarized most of the manu¬ 
scripts and incunabula of the early and late 
Middle Ages after a most thorough study of 
the scientific thought and effort of Greece 
and Rome. Out of his vast and enlighten¬ 
ing labors there emerged some sound and 
stimulating re-evaluations of the true mean¬ 
ing of science, magic, and superstition, as 
well as the relationship among them, glimpses 
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of man’s basic approach to truth, examples 
of the power of a belief pattern and its ability 
to persist by making amazing adjustments, 
the nature of logic and its relation to belief, 
the meaning of consistency in science, the re¬ 
lation of theory to experimental progress and 
other fascinating problems. The light he 
sheds is not limited to any period but bears 
on the nature of man generally and should 
certainly constitute required reading for any 
student of philosophy, logic, or scientific 
methodology. What better laboratory could 
there be for adequate preparation in these 
fields than the records of our culture’s previ¬ 
ous grappling with natural phenomena? It 
is indeed fortunate that in the field of sci¬ 
ence subsequent researches permit objective 
evaluation of incipient struggles and early 
guesses, so that man can study his flounder- 
. ing even as a mature person can through a 
recorded movie see his conduct in youth or 
childhood. 

Professor Thorndike’s most painstaking 
and truly Herculean labors have also thrown 
light on such relatively minor incidents as 
the accurate historic positions of Roger 
Bacon or Leonardo da Vinci, both of whom 
have been inflated in modern times in much 
the same manner as the Middle Ages glorified 
those they chose to hero-worship as scholars 
or sages. But these are only isolated ex¬ 
amples selected out of a unique mine of ma¬ 
terial in which vast stores of information are 
merged with deep philosophic and critical 
insight. 

The present volume is apparently an off¬ 
shoot of Professor Thorndike’s earlier labors. 
The author brings together rare and interest¬ 
ing items bearing on the cultural and social 
life as it relates to medieval universities and 
educational philosophy and administration. 
This is a task which Professor Thorndike can 
take in his stride with ease and grace though 


to many other historians it would present a 
job of major proportions. One merely con¬ 
jectures that the materials here presented are 
but spare trimmings from the vast labors 
which yielded the opulent harvest of the 
great History of Magic and Experimental 
Science . 

Yet the reader must not imagine that this 
volume is a pot-pourri of leftovers, merely 
because it can best be appreciated against the 
background of the author’s larger work. On 
the contrary, it is a fine mosaic of interesting 
odds and ends, of personal letters and official 
records which together merge to compose a 
novel and intimate picture of those aspects 
of medieval culture which are not often en¬ 
countered in historic studies. Such intimate 
episodes as The Letter From a Physician of 
Valencia To His Two Sons Studying at 
Toulouse, 1315 (pp. 154-160) or Pierre Du¬ 
bois’ Scheme of Education, 1309 (pp. 138- 
149) or Fernando of Cordova, Boy-Wonder 
Comes To Town, 1445 (pp. 341-343) or the 
various letters on disputations, curricula, the 
conduct of students, their manners and 
amusements, libraries, academic holidays, dis¬ 
cipline, and salaries and numerous other 
related topics offer most valuable insight into 
medieval values, customs, and thought. 
What Professor Thorndike says about one 
particular document may well be applied to 
the book as a whole: 

But perhaps tlie chief service of our treatise is to 
make us feel that we arc dealing with actual persons,, 
to take us back witli vivid verisimilitude in the four¬ 
teenth century, and to drive home the conviction that 
the men of that period were not very different beings 
from those of today. Prescriptions have changed 
more than physicians, and curricula have altered more 
than students, while the dangers of coughs and colds 
remain abont the same. 

Clearly every student of the history of sci¬ 
ence should be familiar with this volume.— 
Mark Gratjbard. 
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Mr. Simple on Racial Equality 

Yes, Harry Simple has an excellent brain, and a 
stimulating one. He certainly doesn’t suffer from 
pernicious academia. But he sometimes chews off 
just a little more than he can bite. On the basis of 
an incomplete knowledge of the facts he will, with 
deep conviction and complete honesty, present a re¬ 
markably good case. But it’s his manner that makes 
Harry’s arguments so interesting. It’s his misinter¬ 
pretation of the facts and his unprofessional knowl¬ 
edge of the critical data which renders them spurious. 
Happily, there’s no danger of Harry developing psy¬ 
chosclerosis. He has an open mind and is always 
willing to listen to reason. I was reminded of this 
by Halljy’s account of Harry’s views on racial equal¬ 
ity. I hadn’t seen Harry for some time when I 
bumped into him at the Saturday Club the other day. 

After we’d settled into our lounge chairs and settled 
a beer in ourselves, I opened up, I wasn’t feeling in a 
particularly anthropophagous mood. 

“ About Dr. Benedict Weltfish Hooton Etalii’s 
pamphlet ‘The Human Races,’ ” I said. . . . 

“Oh, that thing,” interrupted Harry. “Do you 
know that some people call me a Nazi because I say 
it’s full of holes?” 

“I shouldn’t let that bother you,” I said. 
“You’ve got some excellent ideas. I only wish 
others were as critical as you are. A good many 
of the people I’ve met who are opposed to the racist 
viewpoint are not really interested in the truth, but 
merely in finding arguments with which to support 
their own prejudices. In a way they’re simply mirror 
images of the Nazis.” 

“I’m glad you feel that way,” said Harry. “I 
think Etalii belongs to that class.” 

“I can’t altogether agree to that,” I replied. 
“The fact is, of course, that no scientist, whatever 
he may claim to the contrary can ever succeed in keep¬ 
ing his emotions wholly out of his thought and writ¬ 
ings. But lets get down to the point. You’ve criti¬ 
cized the views of Etalii and his kind, and you say 
they’re unsound. You’ve raised some interesting 
questions, and if you ’ll allow me I’d like to do what 
I can about answering them. ’ ’ 

Harry was in a helpful mood. “Go ahead,” he 
said. “I’d like to hear what you have to say.” 

“Thanks,” I said. “As I understand it you are 
of the opinion that psychological characteristics dis¬ 
tinguish races just as physical characters do ? ” 

“That’s what my reading of the evidence indi¬ 
cates,” said Harry. 

“And you maintain, I believe, that the quality of 
these psychological characteristics may be judged 
from the performance of various races ? ’ ’ 

“ Yes, ” replied Harry. ‘ c I don’t see that we have 
any other means of doing so.” 


“Well, let me see what I can do to put you straight 
on that,” I said. “But first let me recall to your 
mind a remark made by John Stuart Mill in 1848. 
Of all the vulgar modes, he said, of escaping from the 
consideration of the effect of social and moral influ¬ 
ences on the human mind, the most vulgar is that of 
attributing the diversities of conduct and character 
to inherent mental differences. Mill didn’t say that 
there weren’t any differences. All he said was that 
we aren’t going to get anywhere in understanding 
them if we assume, as some do, that they are due to 
inborn factors, to ‘ inherent natural differences. ’ ’ ’ 
“But you haven’t any proof that they’re not in¬ 
herent, ’ ’ Harry quietly commented. 

“I’m not so sure of that, ’ ’ I said. ‘ * But first let 
me ask you a question. Am I correct in understand¬ 
ing that you believe performance in these matters the 
next best thing to proof ? ’ ’ 

“Yes,” replied Harry, “since it seems too difficult 
to get at the evidence any other way. ’ ’ 

11 Its extremely difficult, ’ ’ I agreed. ‘ ‘ But there’s 
a good deal of evidence gathered by reputable scien¬ 
tists which strongly suggests that taken by and large 
the members of one ethnic group are, from the stand¬ 
point of mental potentialities, as good as another.” 

“Ah, there you go,” exclaimed Harry. “ Poten¬ 
tialities. I’m talking about performance. The only 
way we can measure a man’s potentialities is by his 
performance. It’s not potentialities that count in this 
world, it’s performances. Not motives, but conse¬ 
quences. ’ ’ 

Harry settled back in his chair with that charm¬ 
ing “So there” look on his face. 

< ‘ That’s the whole point, Harry, ’ ’ said I. c 1 And 
that’s where you and a lot of other people get off 
the track. You talk about the obvious inequality of 
racial groups on the basis of their different perform¬ 
ances. Of course those performances are different, 
but by no means as different as you seem to think. 
Each people organizes its behavior in relation to a 
total environment. The environments of different 
peoples differ, generally very considerably, from one 
another. Environment isn’t just the climate. You 
talk about the perfect adaptation that the Eskimos 
have made to their environment and contrast it with 
the apparently inefficient adaptation which the Onas 
of Tierra del Fuego have made to theirs. I could cite 
you scores of similar contrasting cultures. But what 
would be the use ? What would such instances prove ? 
I ’ll tell you: Whatever they’d prove they’d certainly 
not prove that one group was mentally superior to 
the other. The cultural adaptations of the Eskimo 
and the Ona are almost certainly due to historical 
causes and not to inherent differences. Consider 
where the Ona live. At the extremity of the south¬ 
ernmost tip of South America. They’ve probably 
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been, isolated from contact with all other peoples ever 
since they've been there, completely cut off from 
those fertilizing contacts which appear to be abso¬ 
lutely necessary if a people is to make any cultural 
progress. The case of the Eskimo is very different. 
He lives up in the Worth, and we know that there 
has been a more or less continuous interchange be¬ 
tween different groups of Eskimos ever since their 
arrival in the Worth. Remember, too, that a good 
many of their cultural traits were brought with them 
from the Siberian side of the world from which they 
came. You really can't compare the two. Further¬ 
more, their physical environments are by no means as 
like as you suggest. 

“And this is where your performance test breaks 
down. Even if the differences in culture were to 
some extent related to inherent factors, there would 
still be no ground for attributing the cultural differ¬ 
ences wholly to them. This for the simple reason 
that inherent factors always develop in, and to a 
certain extent are conditioned by, the environment. 
Unless, then, the conditions of your environment are 
similar you have no right to draw any conclusion as 
to the role which inherent factors play in determining 
a certain performance. The same eight cylinder car 
in the hands of a novice and in those of an expert 
gives you two very different types of performance.'' 

“I see your point," said Ilarry. “Go on." 

* ‘ Thank you, Harry,'' I said. ( ‘ Knowing the hu¬ 
mane standpoint you take on this matter I know you 
agree that it would be better to give all human beings 
the opportunity to realize their potentialities, what¬ 
ever they may be, rather than assume that there are 
fundamental differences in intelligence. ..." 

“Sure," interrupted Harry, “but I don't seo that 
a belief in the one is incompatible with a belief in 
the other." 

(( Of course,'' I said. 1 ‘ I agree perfectly with you 
there. That's the point you 're trying to make against 
Etalii. But all I'm trying to say is that there really 
are no scientific grounds for the belief that there do 
exist any really significant inherent mental differ¬ 
ences between ethnic groups. Don't let's go beyond 
the scientific findings. They may not be final, but 
they 'xe so far the best thing we have. 1 The evidence 
of one's eyes' isn't good enough. There may or may 
not be certain kinds of psychological differences that 
are inherited, but science knows nothing more about 
this than that if such differences exist it has not been 
able to discover them. Until evidence to the contrary 
is forthcoming why not rest on the scientific facts'? 
Why not, in other words, try to understand the causes 
which produce the observed differences in perform¬ 
ance, rather than, however humanely yon may do it, 
prejudge the evidence? After all, you see the point 
that it's just as absurd to assert that differences exist 
where none can be demonstrated as to assert the con¬ 
trary?" 


i 1 0.K.,'' said Harry. * * But that's a different thing 
from saying, as Etalii does, that there are no hier¬ 
archies of physical, mental, or cultural ability.'' 

“Well, I'm not so sure that it is," I replied. 
“Here again the scientific evidence supports Etalii's 
statement. There is absolutely no reason to believe 
that a man four feet tall can't do as good a day's 
work as a man six feet tall. In fact, among our¬ 
selves w r e know it to be a fact that he can. And we 
certainly know that the Japs are physically no weak¬ 
lings compared to ourselves. The pigmys of Central 
Africa are said to be physically tireless. Because 
your Indians of Central America weren't equal to the 
labor required of them, Negroes laid to be called in. 
Under the proper environmental and nutritional condi¬ 
tions, these Indians would certainly have been capable 
of giving as good an account of themselves as the 
Negroes. Remember, the Aztecs and the Toltecs 
were Indians. Remember, also, that millions of our 
own men have been turned down by the medical 
boards of the armed forces for reasons probably very 
similar to those which rendered your Central Amer¬ 
ican Indians inadequate. And in the case of the In¬ 
dians there may have been other reasons of a complex 
psychological nature. Research in Africa, for ex¬ 
ample, has shown that when African labor is drafted 
into European enterprise it is usually found that the 
workers are undernouruishod with reference to the 
efforts which they will have to put into their per¬ 
formances. It has also boon discovered by special¬ 
ized work among the various African tribes that 
uxidor new strains arising from culture change in gen¬ 
eral, their food supply, sufficient in the past, becomes 
inadequate. When these conditions arc remedied, the 
African native works at least as well as anyone else. 
Such factors, and many others, must bo fully dealt 
with before you can jump to conclusions about phys¬ 
ical differences in performance." 

“I'll let that pass for the moment," said Harry. 
“But you certainly can't deny that there arc great 
cultural differences between races. You can't deny 
the inherent factor there. 9 ' 

1 ‘ Indeed, I can,'' said I. “ Culture—the customs, 
ideals, and material products of a particular group— 
is dependent upon the history of experience which 
that group has undergone, and to the extent to which 
that experience has differed in different groups will 
tlieir cultures differ. We, of the Western World, 
have packed more complex and diverse experience 
into the past two thousand years than has probably 
fallen to the lot of most of the existing peoples of 
the earth, and our culture certainly reflects that dif¬ 
ference in experience. When Caesar conquered the 
Britons in 52 A.D., the ancestors of the modern Eng¬ 
lishman were in no more advanced stage of culture 
than any Central African tribe. Look at the prog¬ 
ress the Japs have made since 1858. Why have the 
Britons and the Japs developed as they have? Was 
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it because of some change in their potentialities? 
No, the change in each case was due to the fructify¬ 
ing influences of the stimulus of never-ceasing novel 
cultural experiences. Culture is an artificial product, 
a function of cumulative experience. And it is be¬ 
cause of the differences in that experience that dif¬ 
ferent groups of mankind differ from each other cul¬ 
turally. It is for this reason that cultural achieve¬ 
ment is an exceedingly poor measure of the biolog¬ 
ical character of an individual or of a group. In 
short, cultural achievement is the expression of cul¬ 
tural experience, and cultural experience comes from 
without, not from within. There is absolutely not 
one particle of evidence that inherent factors are re¬ 
sponsible for producing differences in culture. For 
all these reasons, therefore, science agrees with Etalii 
that there are no hierarchies of physical, mental, or 
cultural ability. ' ' 

“You could talk an apple off a tree,” said Harry. 
“Let's have another beer.” 

“You bet,” I said. “But there's one last thing 
I want to say. And that is that I agree thoroughly 
with you that the problem of race isn't a biological 
one at all. It's a social problem, a moral one if you 
wish, and as such it must be treated. But if the bio¬ 
logical facts, which are really irrelevant, must be dis¬ 
cussed, don't let's get 'em twisted.” 

“To that I can say Amen',” said Harry.— 
Ashley Montagu. 

On Top Down Under 

In returning the enclosed membership card, which 
is x>erfectly in order, I think that I should express my 
appreciation of the regular manner in which The 
Scientific Monthly reaches me, and of the high 
standard of the articles therein. We are all some¬ 
what apt to take these for granted, even in war¬ 
time.—A. D. Maokay, 26 High Street, Launceston, 
Tasmania. 

Manuscript Famine? 

Some articles in The Scientific Monthly in 
recent years have been very good, and some other¬ 
wise; but I suppose you do not have much to ehoose 
from now, with so many men engrossed with war 
work. And I have heard of other scientific maga¬ 
zines suffering from a manuscript famine. I can¬ 
not take time now to discuss individual cases, but you 
still publish too many half-baked articles by inex¬ 
perienced writers with limited information, and too 
many that are largely propaganda and should have 
no place in scientific literature. One of the worst 
propaganda articles, several months ago, was about 
the late C.C.C. It was wholly commendatory and 
said nothing about the destructive activities of that 
organization, which have been viewed with conster¬ 
nation by nature-lovers. 

A recent article about the semaphore telegraphs 
used in France early in the 19th century interested 


me, because I remembered reading something about 
them in Dumas's Count of Monte Cristo about fifty 
years ago. That was my only previous source of 
information on the subject; but the author did not 
mention that, and might not have known of it.— 
B. M. Harper. 

To Dr. Court on Space 

In your article “Geometry and Experience” in 
the January Scientific Monthly you speak, on 
page 63, of the “basic properties of space.” 

It is not space which has properties but matter, 
matter in space. Matter has, among other proper¬ 
ties, dimensions, i.e., has extension in space, and 
therefore occupies space. But it is not the space 
that has this or any other describable properties, 
but it is matter that has them. 

Also, we may measure and state the distance 
between two bodies of matter, in which case wo are 
again not giving basic properties of space, but stat¬ 
ing the distance separating two agglomerations of 
matter. 

So, in neither instance is it space that is being 
described. Therefore there can be no ‘ ‘ properties of 
space”, but only properties of matter. Space and 
time, alike, are two of the attributes of matter, /arms 
of being of matter. 

I enjoyed your article, otherwise, and take this 
opportunity of thanking you.—N orman Sciioer. 

To Honorable Writers 

Old saying is, everybody tells everybody else how 
do everything. New saying is same thing. Writ¬ 
ers in Scientific Monthly tell how win war, how 
cure sick, how kill Germans, how keep peace, how 
save food, how teach young, how poison bugs, how 
go fast, how make rubber, how keep soil, how get 
seaweed, how do everything. How come when every¬ 
body read everything that everybody tell how to do, 
everything stay bad? 

Well, Confucius say, “think first, keep still second, 
count thousand times, take a little sleep, smoke a 
long pipe, tell self take it easy—and everything be 
all right.” So stop tell people how do this, how do 
that, how think, how eat, how catch fish, how cross 
ocean, how hot on sun, how everything. Tell self 
wliat not do. Tell self stop eat too much, stop tell 
lies, stop hate people, stop love money, stop keep up 
with Mrs. Jones, stop write dam fool words for 
Scientific Monthly. Tell self what do. Tell self 
enjoy sunshine, see blue sky, look bright stars, hear 
little wind in trees, watch birds build nests, love 
little children, turn eyes toward heaven. Put on 
white pagfes Scientific Monthly pictures oceans 
and mountains and green grass and big trees and 
waterfalls and yellow fields of grain and waving corn 
and houses covered with vines and children playing in 
yards. Then everything all right, big rainbow in 
sky and song in heart.—O ld Hi Ho. 



244 


THE SCIENTIFIC MONTHLY 


THE BROWNSTONE TOWER 


As our premise for 
this discussion, we shall 
assume that The Sci¬ 
entific Monthly is, 
or should become, the 
American literary mag¬ 
azine of science. It 
should not only be stim¬ 
ulating to scientists, who 
are laymen in fields 
other than their own, 
but should be readable, informative, and interest¬ 
ing to lawyers, clergymen, statesmen, businessmen, 
teachers, and others whose work requires them to 
be aware of the progress of science and scientific 
thought and their impact on the world of today 
and tomorrow. 

What are scientists doing and thinking? Do 
we have too much science or too little? Are we 
scientifically prepared for the postwar era? 
What of scientific education? Does science have 
values like art and music? How do scientists do 
their work? What are some of their accomplish¬ 
ments in the past and present? The curious 
reader will find answers—various answers—to 
these questions in the pages of the SM. And he 
will find more, for the weighty problems of science, 
and civilization might overcome him if he could 
not escape to some far-off country with a biologist 
or geographer, or commune with nature in the 
writings of a gifted naturalist. 

In content each issue of the SM is intentionally 
diversified. In the principal articles of each issue 
we should like to touch on some historical or bio¬ 
graphical aspect of science, on present accom¬ 
plishments in physical science, on a geographical 
subject, on man, on medical science, on nature, 
and on the philosophy of science; and, finally, 
we should like to publish at least one article that 
views with alarm and proposes remedies for some 
deplorable situation. The minor items published 
in the Monthly will be outlined and discussed in 
later issues. 

The SM does not pay contributors for articles 
accepted. It offers scientists a medium of publi¬ 
cation in which they can perform a service of 


enlightenment and entertainment to fellow scien¬ 
tists and to that still mythical educated public 
upon whose active interest future compensation of 
our contributors depends. 

Under wartime activities and restrictions we arc 
not often able to persuade Professor X or 
Doctor Y to write an article on a specific subject 
for the SM. We must wait until X or Y delivers 
a lecture on a likely subject and then acquire the 
manuscript. Most of the manuscripts that we 
solicit are now obtained in this way. We urge 
scientists who will deliver lectures of general 
interest to send their manuscripts to tiie SM. for 
possible publication. Illustrations in the form of 
photographs (glossy prints) or lino drawings are 
desired. 

The majority of manuscripts being received for 
the SM come to us unsolicited. Every manuscript 
received is acknowledged, and often the decision 
is included with the acknowledgment. If a manu¬ 
script must be rejected, it is returned to the 
author, and reasons for the rejection are frankly 
given. 

We are likely to reject manuscripts that contain 
new hypotheses or theories or make new technical 
contributions to science, because such manuscripts 
should be published in specialized technical jour¬ 
nals. We may also reject manuscripts that are 
written in the language of the specialist, because 
we cannot expect the tired scientist to sit down 
with the SM in his lap, Webster’s Unabridged on 
his right, and a chemical and medical dictionary 
on his left—he would rather remain ignorant. 

The potential contributor who has never written 
a popular article should not be dismayed by the 
prospect. No doubt he has a .relative or friend 
who would like to understand what he does for a 
living. Let him write with that person in mind, 
humanizing his story as much as possible. It is 
unlikely that anyone who can write an interesting 
letter will fail in the attempt, if he has a good 
story to tell. 

In the next issue more specific suggestions will 
be given on how to write for the SM and on the 
kinds of articles desired. Do not hesitate to send 
in your article; let us be the judge.—E d. 
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ETHICOGENESIS* 

By CHAUNCEY D. LEAKE 


To approach the problem of ethics in a sci¬ 
entific manner is difficult. Such an approach 
is so far away from the traditional meta¬ 
physical tee of classical philosophy. The 
green of evidence is small; the fairway of 
procedure is narrow and dog-]egged; the 
rough of religious bias at the side is thick, 
and there are a myriad of psychological traps 
to by-pass. 

Scientific workers do not speak the same 
language as professional philosophers. From 
the viewpoint of professional philosophers, a 
discussion of ethics by a professional scien¬ 
tific worker may seem naive. However, to 
the professional scientific worker, discussions 
on morals by professional philosophers usu¬ 
ally appear to be metaphysical irrelevance in 
the face of our present knowledge. New raw 
data for a new approach to philosophy is to 
-be derived especially from the results of 
studies in semiotics, physiology, neurology, 
experimental psychology, psychiatry, psycho¬ 
analysis, and sociology. Perhaps dialectic or 
dynamic materialism as new philosophical 
developments will utilize this evidence. 

It is significant that recent philosophers, 
such as Herbert Spencer (1820-1903), Wil¬ 
liam James (1842-1910), John Dewey (bom 
1859) and his pupils, are advocating the 
application of the scientific method, and espe¬ 
cially controlled experimentation, to all fields 
of human activity and interest, including art, 
politics, and ethics. 1 Perhaps as Durant sug¬ 
gests, 2 it is high time that scientific workers 
and historians, as well as philosophers, begin 
to show some respect for Spencer’s brilliant 

* Address of the ^Retiring Vice President (1940), 
Section L—History and Philosophy of Science, 
American Association for the Advancement of Sci¬ 
ence, Cleveland, Ohio, September 13, 1944. 


example of what may be undertaken philo¬ 
sophically with the rapidly accumulating 
knowledge at our disposal. 

The differences between the traditional 
philosophical and the scientific approach to 
man’s place in the universe, and thus to his 
ethics, have recently been exemplified by a 
popular series of articles published during 
1942 in Fortune. Professors Sperry, Mari- 
tain, Montague, and Hocking indicate that 
while the scientific and relativist approach is 
adequate and essential, it is incomplete and 
must be supplemented by metaphysical or 
supernatural considerations, such as “moral 
universal, ” Christian theology, “an ideal 
good operating in nature,” or “the conscious 
purpose of God.” On the other hand, Julian 
Huxley 3 expressed the implications of the sci¬ 
entific position. This approach rejects a 
metaphysical dualism of body and soul or 
matter and mind because of lack of demon¬ 
strable objective experimental evidence. It 
finds no evidence for the objective existence 
of “immutable and absolute principles of 
Truth, Beauty and Goodness.” Huxley 
shows that the available evidence justifies the 
conclusion that these concepts are the relative 
ideals of different humans, and that they are 
related to the solid conditions of our environ¬ 
ment, as individual and social adaptations. 

Julian Huxley agrees with A. J. Carlson 4 
in pointing out that the answer to the ques¬ 
tion of the insufficiency of science is more 
science. Huxley says, “the scientific ap¬ 
proach, empirical and where possible experi¬ 
mental, refusing the absolute for the rela¬ 
tive, and rejecting the deductions of pure 
reason except when based upon the induc¬ 
tions of raw fact, cannot be rejected as in¬ 
sufficient until it has been completely tried 
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out.” In accordance with this suggestion, 
it is refreshing to find some current philoso¬ 
phers, such as Lepley, 1 willing to undertake 
the application of the scientific method of 
experimentation to the problems of values 
and ethics. 

Our current knowledge of ourselves and 
our brains, especially as revealed by the re¬ 
sults of experimental studies in physiology, 
neurology, and psychology, and as confirmed 
by the observations of psychiatrists and psy¬ 
choanalysts, justifies fully the extension of 
the scientific method of procedure in philoso¬ 
phy to the exclusion of the now semiotieally 
invalidated metaphysical approach. In spite 
of Bergson’s reaction against Darwinism, the 
significance of the evolutionary concept is 
great enough to conclude with Hugh Miller 5 
that, “With his demonstration of the evolu¬ 
tion of natural types, Darwin fulfilled the 
intention of empirical thought, and closed 
the portals forever upon traditional philoso¬ 
phy. Metaphysicians may continue to an¬ 
nounce their speculations about the ever¬ 
lasting structure of things, and about the 
universal criteria of knowledge; but their 
devotions are a wake, administered to a 
corpse.” 

Evolutionary Factors in Ethioo- 

GENESIS 

As far as our records of human thinking 
go, we seem always to have required justi¬ 
fication for our moral ideas, either through 
fear or favor of supernatural agencies to 
whom our morals may have been ascribed, or 
through respect for the abstractions we may 
set up intellectually from our general experi¬ 
ences. While there may always have been 
implied some relationship between our 
knowledge of ourselves or our experiences 
with our environment, and our ideas of what 
is right and wrong, most of our ethical ideas 
seem first to be expressed under primitive 
social conditions as injunctions from super¬ 
natural agencies. What psychological skill 
a Moses must possess to impose upon his 
people a decalogue! 

Through fear of reprisal or promise of 
reward, religious leaders continue to exhort 
their followers to respect the purposes and 
motives sanctioned by their deity. This pat¬ 


tern is exemplified in our culture by a suc¬ 
cession of moral injunctions. There is thus 
the Mosaic, Prophetic, and Messianic litera¬ 
ture of the Jews, in which the motivating 
factor employed is chiefly fear of punishment 
by either the actual, or the social, or the 
anthropistic “father.” The net effects of 
this have been individually inhibitory in 
repressing ordinary desires which experience 
may demonstrate to be anti-social. 

It is interesting that Charles Darwin 0 
(1809-1882) should have anticipated and 
refuted Reinhold Niebuhr’s 7 recently ex¬ 
pressed objection to A. Comte’s 8 (1798-1857) 
notion of the familial origin of morality. In 
expressing doubt as to man’s uniqueness in 
self-consciousness, he asks, “At what age 
does the newborn infant possess the power 
of abstraction, or become self-conscious, and 
reflect on its own existence? We cannot 
answer; nor can we answer in regard to the 
ascending organic scale. . . . The difference 
in mind between man and the higher animals, 
great as it is, certainly is one of degree and 
not of kind. . . . Actions were probably re¬ 
garded by primeval man as good or bad solely 
as they obviously affect the welfare of the 
tribe, not that of the species, nor that of an 
individual member of the tribe.” The moral 
lag resulting from too great adherence to this 
gangster (or mm or fascist) code Is caused, 
says Darwin, by the operation of three fac¬ 
tors: first, confinement of sympathy to the 
same tribe; second, power of reasoning in¬ 
sufficient to recognize the bearing of self- 
regarding virtues (as temperance) on the 
welfare of the tribe; and third, weak power 
of self-command not strengthened by habit, 
instruction, and religion,—and Darwin even 
surmised by inheritance! 

There has also been a legalistic develop¬ 
ment of familial morality by which, in our 
“laws,” we agree on the least common de¬ 
nominator of what we will implicitly allow 
each other to do without punishment or 
repression. The basis of primitive codes of 
law is always the lex talionis , in which obedi¬ 
ence is obtained through fear of reprisal. 

This primitive negative inhibitory effort is 
also illustrated by the Buddhistic phrasing 
of the Golden Rule, “Do not do unto others 
what you would not have others do to you.” 
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Under Christian influence a more positive ex¬ 
pression, operating through hope of reward, 
became current, “Do unto others as you 
would have others do to you,” or “Love your 
neighbor as yourself.” Hope of individual 
future rew r ard is also operative in exhorting 
blind obedience to specific codes of conduct 
as among Mohammedans and the Japanese. 

When more sophisticated societies arise 
and systematic thinking is undertaken, phi¬ 
losophers continue to exhort people to follow 
particular lines of conduct sanctioned by 
rationalizations. Perhaps the great intellec¬ 
tual effort of Immanuel Kant (1724-1804) 
culminating in the “categorical impera¬ 
tive,” 9 will remain the outstanding exam¬ 
ple of this tendency. 

Whether hedonistic or idealistic, whether 
utilitarian or individualistic, or whether 
advocating absolute or relative standards of 
goodness and badness, the classical ethics of 
philosophical thought remains religiously a 
matter of persuasion, of exhortation, and of 
rationalizing what it is that we “ought” to 
do, or “ought not” to do. It is dogmatically 
“normative” and has scarcely considered the 
“descriptive” approach characteristic of sci¬ 
entific effort. 

Occasional groups have frequently achieved 
a high moral standard of conduct by volun¬ 
tary, conscious, and premeditated agreement, 
pledged by vows or oaths which, however, 
derive their force from either fear of reprisal 
-or hope of reward. An early example of this 
ethical effort is the famous “Oath of Hippoc¬ 
rates,” the basis for all professional ethical 
codes. 10 This tendency continues to operate 
extensively in religious orders and secret 
societies. 

During the whole apparent development 
of our ethical consciousness, there has been, 
as A. J. Carlson says, 11 an implication that 
our “purposes or aims are modified by our 
growing understanding of ourselves and our 
-environment. ? ? This knowledge is now begin¬ 
ning to be enough to set the limits to what 
it is possible for us to believe, or to achieve, 
no matter how greatly we may want to. Our 
chief difficulty these days is that our present 
knowledge of ourselves and of our environ¬ 
ment does not permit us to believe honestly 
the dogmas to which we cling, and we lack 


the ability to devise methods of obtaining 
general social credence for what is possible 
to believe. 

The basic problem, of course, is what we 
can agree upon as “truth.” The Platonic 
problem of ideas still troubles us, and the 
modern interest in semantics has not yet 
satisfactorily resolved the difficulty. Even 
scientific endeavor itself, the business of 
which is the establishment of “truth,” may 
occasionally fall into the trap by thinking 
of “science” as something real in itself! 12 

In scientific work, “truth” as a symbol 
means an intellectually coherent but ad¬ 
mittedly tentative explanation of ourselves 
and our environment which has been objec¬ 
tively demonstrated and agreed upon by 
those who have investigated it. Walter Lipp- 
mann illustrates the point by emphasizing 
its antithesis : c ‘ The unscientific man, like the 
Schoolmen of the Middle Ages, really means 
by the truth an explanation of the Universe 
in terms of human desire.” 13 Along with 
Charles S. Pierce, he points to agreement as 
a necessary factor in the appreciation of 
“truth.” What we mean by the truth is the 
opinion agreed to by all who investigate , and 
it is the object represented in this opinion 
that is the real. 

Most scientific investigators who have 
philosophical inclinations agree to this con¬ 
cept of approximating the “truth.” The 
scientific position has been well expressed by 
Edwin Grant Conklin, Emeritus Professor of 
Biology at Princeton University, once Presi¬ 
dent of the American Association for the 
Advancement of Science, and now President 
of the American Philosophical Society. Ac¬ 
cording to Conklin, 14 the spirit of science 
implies not only freedom to hold and express 
any view for which there is rational evidence, 
but also recognition that knowledge of our¬ 
selves and our environment is incomplete and 
subject to revision, and that there is no legiti¬ 
mate compulsion to belief beyond the volun¬ 
tary acceptance of demonstrably rational 
evidence. As Carlson 4 puts it, in agreement 
with Julian Huxley, the essence of the scien¬ 
tific method is the rejection in toto of all non- 
observational and non-experimental author¬ 
ity in the field of experience. Conklin identi¬ 
fies the aim of science with that of religion, 
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to know the “truth” about ourselves and our 
environment, with confidence that even un¬ 
welcome “truth” is better than cherished 
error. 

The scientific method of arriving at the 
“truth” is now well defined in theory and 
practice. On the one hand, one may try to 
build a coherent ideal structure within the 
rigid limitations of logical consistency, by 
means of experimental reasoning. With this 
ideal structure, some details of the universe 
about us may be found to correspond. This 
is the way of mathematics. On the other 
hand, one may observe and describe as accu¬ 
rately as possible oneself and one’s environ¬ 
ment. A tentative explanation may then be 
suggested of ways by which an individual 
and his environment may operate. The 
validity of this tentative explanation may 
then be tested ly experiment, which seeks to 
isolate and control specific factors. Conclu¬ 
sions are reached in accordance with the 
results of such experiments. This is the way 
followed in the natural sciences. 

The knowledge of ourselves and our en¬ 
vironment acquired by these methods has 
vastly altered the entire character of our 
living. We are discovering that knowledge 
about ourselves and our environment makes 
it possible for us to add significantly to the 
broad and lasting satisfactions of us all. 
This suggests at once that scientific endeavor 
has moral value. 

With increasing knowledge derived from 
the various levels of scientific endeavor, it 
now appears that we have sufficient facts of 
a verifiable nature regarding ourselves and 
our environment to estimate the moral value 
of their implications; that is, to determine 
their ethical significance. As W. M. Malisoff 
would insist, 15 when a fact is recognized, its 
conjugate, which is its value, at once becomes 
important. 

From a consideration of our biological 
knowledge, the implication is clear at once 
that survival for an individual living thing 
or for a particular living species, is “good” 
for that individual or that species. What¬ 
ever is conducive toward the continued sur¬ 
vival of that particular individual or that 
particular species is therefore “good” for it. 
As Harold Blum suggests/ 6 the operation of 


the second law of thermodynamics makes it 
impossible, i.e., highly improbable, for living 
species now extinct ever to emerge or to 
appear again in this environment. Survival 
is “good,” therefore, in the very significant 
sense that if the species fails to survive, 
“goodness” has no further meaning for that 
species. 

The problem then is to determine those fac¬ 
tors of “goodness” which are common to all 
species; that is, the basic factors conducive to 
the survival of all species. This at once re¬ 
quires consideration of the relationships be¬ 
tween individuals or species, or groups of 
living things. On this basis, whatever pre¬ 
serves the “balance of nature” is therefore 
“good.” My helpful colleague, Dean A, P. 
Brogan, suggests that this is the essence of 
the “harmony theory” of ethics, as implied 
by Aristotle and as developed more recently 
by William James, G. IT. Palmer, John 
Dewey, and L, T. Hobhouse. 

As a living organism, man is peculiar in 
that he seems to be the only living tiling 
capable of significant self-conscious control 
of himself and his environment. That control 
is dependent upon his increasing knowledge 
of himself and his environment. Warner 
Fite makes this the basis of his philosophy 
of individualism. 17 lie holds that the human 
individual as a conscious agent is the source 
and measure of all, value. However, he 
points out that the interests of conscious indi¬ 
viduals are essentially harmonious, but only 
so far as they are conscious. Fite reconciles 
individuality with social unity, which George 
Sarton considers to be the most important 
modern problem, 18 by pointing out that the 
same knowledge which brings an individual 
to be self-regarding, shows him to be living 
in a world with others whose conduct deter¬ 
mines for him the conditions through which 
his own interests are to be satisfied, and 
whose interests therefore it is wise to con¬ 
sider. 

All “normal” living things seem to he able 
to act in accordance with those principles, 
which are conducive to their survival. This- 
indicates the operation of adaptive factors. 
It also implies adjustable adaptation in the 
face of changing environments. 

John Dewey and C. IT. Waddington both 
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use the example of the burned hand to indi¬ 
cate the factors involved: “The answer to 
the question ‘ "Why not put your hand in the 
fire?’ is the answer of fact. If you do, your 
hand will be burnt. The answer to the ques¬ 
tion, "Why acknowledge Eight? is of the same 
sort. For Right is only an abstract name for 
the multitude of concrete demands in action 
which others impress upon us, and of which 
we are obliged, if we would live, to take some 
account.’ 719 

Emphasis on the phrase “if we would live’’ 
indicates the significance of adaptation in 
survival and the importance of adjustment 
to environmental conditions as a factor in 
survival. While it may be difficult to ascribe 
a desire for living to all living things, yet 
the adaptations which have been made in the 
past to environmental conditions have re¬ 
sulted in the survival of all those living 
things which are on the earth now. Living 
things and their environments react upon 
each other to produce an adjustment which 
is conducive toward survival. This is the 
point of Lawrence Henderson’s thesis con¬ 
cerning “The Fitness of the Environ¬ 
ment.” 20 The physiological conclusion is 
that we are part of a generalized dynamic 
equilibrium which includes life, and which 
operates within the circumscribed limits of 
the physical factors of this world. 21 

Attacks on the Intellectual 
Validity of Ethics , 

In introducing a remarkable discussion on 
the relations between science and ethics, G. H. 
"Waddington, Lecturer in Zoology at Cam¬ 
bridge University, 22 says that throughout our 
history our concept of goodness has been con¬ 
sidered to have or to require intellectual 
validity, whether deduced from observation, 
as in the theory of utilitarianism, or revealed 
by supernatural agencies. Recently, how¬ 
ever, four lines of thought have developed 
which appear to “rob ethical statements of 
any claims to intellectual validity.” These 
are (1) psychoanalytical study, which sug¬ 
gests that our ethical systems are products 
of our early reactions, sexual or otherwise, 
to family life; (2) anthropological investi¬ 
gations comparing various social systems, 
and indicating that ethical beliefs differ ex¬ 


tremely from culture to culture and there¬ 
fore have no general validity; (3) Marxists’ 
efforts, asserting that ethical systems are ex¬ 
pressions of class forces, and (4) the anti¬ 
metaphysical attempt of the logical positi¬ 
vists in studying meaning, and developing 
semantics, and holding that ethical state¬ 
ments have no meaning of a verifiable nature. 

Waddington feels that these four ap¬ 
proaches, far from indicating that science has 
nothing to do with ethics, show on the con¬ 
trary that ethical judgments may be state¬ 
ments of the same kind as scientific state¬ 
ments. He feels that ethics is based on facts 
of the kind with which science deals and that 
science may reveal “the nature, the charac¬ 
ter and direction of the evolutionary process 
in the world as a whole, and the elucidation 
of the consequences, in relation to that direc¬ 
tion, of various courses of human action.” 
He concludes that “the real good cannot be 
other than that which has been effective; 
namely, that which is exemplified in the 
course of evolution.” Waddington holds 
that our moral systems represent ways by 
which we adapt ourselves to our environ¬ 
ment, and thus become able to take part in 
our own evolutionary progress. 

Originally published in Nature, this state¬ 
ment by Waddington provoked a consider¬ 
able reaction. Amazingly, but character¬ 
istically British, this discussion continued for 
several months in Nature during the very 
period when England was being subjected to 
its bitterest experiences in the war. 

While our English colleagues were so 
realistically surveying the ethical situation, 
many scientists on this side of the Atlantic 
were also anxiously exploring the matter. 
American scientists have recently been 
placed on the defensive as a result of the 
rather superficial opinion, widely expressed, 
that the war and all our other evils have been 
brought upon us by the development of sci¬ 
ence. It is easy for demagogues to confuse 
what is called “science,” the voluntarily 
agreed upon knowledge we have of ourselves 
and our environment, with the applications, 
beneficial or evil, which may be made of this 
knowledge. American scientists naively 
demonstrated their sense of insecurity by the 
disturbance among them which these charges 
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caused. For several years, however, Ameri¬ 
can scientists have been struggling to build 
a firm scientific basis for ethics. 

The pages of Science and The Scientific 
Monthly for the past decade contain many 
addresses and articles by American scien¬ 
tists on the relations of science to ethics. 
Some of these are naive and reflect the child¬ 
hood conditioning of their authors, while 
others are quite sophisticated, and some are 
difficult to comprehend. 

It is interesting to discover, however, that 
three distinguished American biologists, 
from three different cultural centers on this 
continent, could reach substantial agreement 
with Waddington on biological factors which 
might be significant in the development of 
ethical ideas. Different considerations led to 
the same conclusion on the part of Edwin 
Grant Conklin, Emeritus Professor of Biol¬ 
ogy at Princeton, C. Judson Herrick, Emeri¬ 
tus Professor of Neurology at the University 
of Chicago, and Samuel J. Holmes, Emeritus 
Professor of Zoology at the University of 
California. 

Conklin says: 23 “Biologically life is main¬ 
tained by continual balance, co-operation, 
compromise, and the same principles apply 
to the life of society. The highest level of 
human development is attained when pur¬ 
pose and freedom, joined to social emotions, 
training, and habits, shape behavior not only 
for personal but also for social satisfaction. 
Conduct bringing the broader and more last¬ 
ing satisfactions is the better.” Herrick re¬ 
marks: 24 “That social stability upon which 
the survival and comfort of the individual 
depend and that moral satisfaction upon 
which his equanimity, poise and stability of 
character depend, arise from the mainte¬ 
nance of relations with his fellow men 
which are mutually advantageous . 9 7 Holmes 
states: 25 “Morality becomes just one phase 
of the adjustment of the organism to its con¬ 
ditions of existence. As a good body is one 
that runs smoothly and efficiently in the 
maintenance of its vital functions, so a good 
man is one whose conduct not only maintains 
his own life on an efficient plane, but con¬ 
duces to the enhancement of the life of his 
social group. Peoples may believe that their 
moral customs derive from a supernatural 


source, but one potent reason for their adop¬ 
tion is their conduciveness <>C survival.” 
These opinions are in agreement with tiiose 
expressed by John Dewey and his followers 
as a result of more strictly philosophical 
studies: “A morals based upon study of 
human nature instead of upon disregard for 
it would find the facts of man continuous 
with those of the rest of nature and would 
thereby ally ethics with physics and biol¬ 
ogy.” 

The ethical significance of this point of 
view appears in relation to survival. There 
is a better chance for continuing existence 
for that individual or group which adjusts 
itself harmoniously toward other individuals 
or other groups than for that which does not. 
In adjustments of individuals or groups in 
harmonious conduct towards each other there 
is a greater tendency toward mutual satisfac¬ 
tion and benefit than when such adjustment 
does not exist. As Lepley puts it, “The 
forces of life and existence afford constant 
and recurring dynamic for attempts to make 
satisfactory ad j nstmcuts. In tli esc attemp ts, 
intelligence and reason are increasingly 
needed. They are and will be effective, so 
far as they can be, in the degree that they 
operate as elements within an inclusive ex¬ 
perimental procedure.” x Adaptation toward 
the goal of mutual satisfaction might be¬ 
come the basis of effective “biological engi¬ 
neering.” 

Conklin has emphasized the importance of 
training in promoting harmonious adapta¬ 
tion: “In all normal human beings it is 
possible to cultivate unselfishness, sympathy 
rather than enmity, co-operation rather than 
antagonism. Human nature can be im¬ 
proved by human nurture.” The whole 
course of education over the centuries is 
predicated upon this premise. 

A Naturally Operative Ethical 
Principle 

If our scientific knowledge of ourselves 
and onr environment has ethical conse¬ 
quences, it should be possible to discover an 
operative natural principle with respect to 
human conduct which can be stated in de¬ 
scriptive terms. We should be able so care¬ 
fully to observe factors of importance in 
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human conduct as to describe accurately 
what these factors are, without permitting 
the intrusion into our effort of the emotions 
of fear or desire. There seems to be little 
point in exhorting men to be good. That has 
been the way of the moralists for centuries 
and it hasn’t worked with startling success. 
Neither fear of punishment nor hope of 
reward has been particularly fruitful in pro¬ 
moting good conduct among men. There has 
hardly been sufficient knowledge to obtain 
agreement as to what constitutes 4 ‘goodness” 
and “right.” Now that we are acquiring 
such knowledge, we might attempt more 
satisfactorily to elucidate the “good,” and 
thus make the burnt hand example appli¬ 
cable. 

For centuries philosophers and moralists 
have wrestled with the problem of human 
conduct from the standpoint of either abso¬ 
lute or relative criteria for “goodness” and 
“right.” Our knowledge of ourselves and 
our environment now indicates that this de¬ 
bate is irrelevant. We can appreciate now 
that our verifiable and agreed-upon knowl¬ 
edge of ourselves and our environment con¬ 
tinually increases and is subject to revision. 
In this sense we now understand that 
“truth” is relative. However, the proba¬ 
bility of its being more precise and exact 
increases with our scientific endeavor. Simi¬ 
larly, it appears that our concept of “good¬ 
ness” and “right” is also relative. It is sub¬ 
ject to revision as our concept of “truth” 
changes in accordance with the increase in 
our verifiable and agreed-upon knowledge of 
ourselves and our environment. 

With the scientifically established “truth” 
about living things which we now possess, we 
are in a position to search for operative prin¬ 
ciples in Nature which may have moral sig¬ 
nificance. We can agree that for any indi¬ 
vidual or group of individuals it is “good” 
to survive. However, individuals and groups 
of individuals are in contact with other indi¬ 
viduals and other groups. For these other 
individuals and other groups, survival is also 
“good.” Relationships between the indi¬ 
viduals or groups in contact with each other 
to be “good” must therefore be conducive 
toward the survival of all concerned. The 
adjustments of living things to each other 


and to their environment appear to be predi¬ 
cated on this effort to survive. 

A survey of this sort can be extended to 
include human relationships, or behavior pat¬ 
terns between humans, with specific refer¬ 
ence to their ethical connotations. One such 
notable attempt was made on July 3, 1939, 
in a secluded redwood grove in the Santa 
Cruz Mountains, California. The occasion 
was pleasantly described by C. Judson Her¬ 
rick. 26 

The American Association for the Ad¬ 
vancement of Science had met in Palo Alto. 
It was thought that some of the guests at the 
meeting might be interested in a picnic in 
the redwoods. The Pharmacology Labora¬ 
tory of the University of California Medical 
Center in San Francisco had been accus¬ 
tomed to spend Sundays in seminar discus¬ 
sion in a redwood grove on the San Lorenzo 
River. To one of these meetings Edwin 
Grant Conklin, C. Judson Herrick, and Olaf 
Larsell were invited. In honor of our guests, 
the seminar discussion took the form of a 
debate between Otto Guttentag and Charles 
Gurchot on the influence of German and 
French philosophers on the biological sci¬ 
ences. This discussion provided a spring¬ 
board for those who were assembled together 
under the sheltering arms of the redwoods to 
discuss a biological basis for ethics.* 

The conversation developed as to whether 
or not it might be possible to discover a natu¬ 
rally operative principle that governs human 
conduct. It was appreciated that such a 
principle might be of the same character as 
the principle of the conservation of energy. 
To be naturally operative, the principle 
would have to function whether we are aware 
of it or not, or whether we like it or not. 
However, it was clear in the discussion that 
if we could recognize it, it might be helpful 
to us by indicating the manner in which we 
could take advantage of it to our benefit. 
Certainly it has been helpful since Helm¬ 
holtz’s brief formulation to appreciate the 
principle of the conservation of energy! 

As a tentative statement of such a prin¬ 
ciple, we induced from the plethora of exam¬ 
ples in universal experience the following: 
“The probability of survival of a relation¬ 
ship between individual humans or groups 



252 


THE SCIENTIFIC MONTHLY 


of humans increases with the extent to which 
that relationship is mutually satisfying 
This statement may be formulated in other 
ways, to emphasize different considerations: 
“The more a relationship between human 
individuals or groups is mutually satisfying, 
the longer it tends to last,” or “Behavior 
patterns between individual persons or 
groups of people, tend to become adjusted 
(by trial and miss) toward those which yield 
the greatest mutual satisfaction. 7 ’ It is im¬ 
plied that the concept of 4 * good” develops 
in a manner which is dependent upon these 
more or less satisfying behavior patterns. 

This statement was subjected to consider¬ 
able analysis at the Philadelphia meeting of 
the American Association for the Advance¬ 
ment of Science in December, 1940. Agree¬ 
ment was general that we had succeeded in 
the formulation of an objective scientific 
principle, operative in an ethical manner, 
but independently of metaphysical implica¬ 
tions or considerations. It was also agreed 
that the principle as stated seems axiomatic. 
It is inducible from the myriad of examples 
that exist around us on all sides. Specific 
case histories of behavior patterns between 
particular individuals, and factors involved 
in their constancy or change, are to be found 
particularly in psychiatric literature. There 
are a multitude of historical examples of the 
gradual adjustment toward more mutually 
satisfying behavior patterns between groups 
of people. Unfortunately, these have usually 
involved war. It remains to be determined 
whether we have the intelligence to utilize 
more peaceful means. These various exam¬ 
ples include the man-wife relationship, the 
parent-child relationship, the employer-em¬ 
ployee relationship, the capital-labor rela¬ 
tionship, the master-slave relationship, or 
relationships between groups of people on a 
national or racial basis. 

It was appreciated that the statement is a 
special case of the more general principle: 
“The probability of survival of individual, 
or groups of, living things increases with the 
degree with which they harmoniously adjust 
themselves to each other and their environ¬ 
ment.” As a corollary of the Darwinian 
principle of evolution, the formulation thus 
becomes a biological basis for ethics. It 


implies the biological value of symbiosis, 
which is the adaptive biological solution of 
parasitism. It implies also the culmination 
of the dynamic interaction of organism and 
environment in which the surviving organ¬ 
ism tends to be the best fitted to the environ¬ 
ment surrounding it. 

Practically, this symbiotic principle may 
become as significant in our everyday affairs 
as has been the case with the formulation of 
the principle of the conservation of energy, 
if we will but recognize it. It apparently 
operates anyway, like the laws of thermo¬ 
dynamics, independently of our opinions 
about it, whether we like it so or not. As in 
the case of the principles of energetics, we 
can apparently function so much better if we 
will but recognize it and take advantage of it. 

There are several important implications 
which follow from the symbiotic principle as 
stated. Since satisfaction is a biologically 
and psychologically significant factor in sur¬ 
vival, there will remain the urge on the part 
of human beings to achieve satisfaction. If 
then it is appreciated that relationships be¬ 
tween humans tend to survive in proportion 
to the mutual satisfaction, derived from them, 
it is incumbent upon an individual to help 
make the relationship in which he partici¬ 
pates with another individual as satisfying to 
the other individual as to himself. As long 
as there is lack of mutual satisfaction, there 
will be an attempt to adjust relationships 
between individuals or groups of individuals 
toward a greater degree of mutual satisfac¬ 
tion. This attempt at adjustment, fre¬ 
quently involving psychiatric aggressiveness 
or submissiveness, may be relatively violent, 
as in homicide, including suicide and war! 

The implications of the symbiotic princi¬ 
ple as stated are in accord with the general 
ethical exhortations of the centuries. It is 
irrelevant now to consider the ethical injunc¬ 
tions of the great religious or philosophical 
leaders as “revealed,” since to the modern 
psychologist, who might be called a “logical 
positivist,” revelation and intuition are little 
more than logical inductions made so rapidly 
that the maker is not conscious of the steps 
in the process, until they are analyzed. 
These intuitive urgings, such as the “Golden 
Rule,” seem to have been devised in appreei- 
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ation of the naturally operative ethical prin¬ 
ciple. However, there is an important dis¬ 
tinction. The statement as made in the 
naturally operative ethical principle is emo¬ 
tionally neutral. It carries with it no exhor¬ 
tations. It simply states what the conditions 
are under which relationships or behavior 
patterns between humans survive. It be¬ 
comes an intellectual matter then to work 
toward the satisfactions that are to be de¬ 
rived from human relationships in order to 
establish behavior patterns that will survive. 

It might be objected that this development 
of the harmony theory in ethics will tend 
eventually to lead to a status quo . There 
seems, however, to be no biological or psycho¬ 
logical evidence to indicate that human be¬ 
ings are ever likely to be significantly satis¬ 
fied for long periods of time no matter what 


the circumstances may be under which they 
find themselves. The biological urge towards 
satisfaction increases apparently from what 
it feeds upon. 

It is felt that the attempt to define a natu¬ 
rally operative ethical principle governing 
human relationships or behavior patterns is 
an important contribution to ethicogenesis. 
The proposed statement is derived from ob¬ 
jective and agreed upon biological evidence. 
While it still lacks the desired precision of 
formal scientific statements, and while its 
proof is more indicative than formal, it may 
be found to have great significance in the 
regulation of human affairs, if we will take 
advantage of it. It seems to be a tentative 
step in a deliberate attempt to establish an 
ethic on the basis of scientific knowledge and 
in scientific terms. 
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A LOOK AT POSTWAR EMPLOYMENT 
ADJUSTMENT 

By FORREST H. KIRKPATRICK 


Any effort to estimate the size or scope of 
peacetime employment problems may seem 
like meaningless labor, because there are so 
many variables. But it seems clear that per¬ 
sonnel men will find themselves faced with 
occupational adjustment problems of consid¬ 
erable magnitude. There is disagreement 
and uncertainty, of course, as to the extent 
of possible unemployment and dislocation. 
Estimates of unemployment have run as low 
as one million and as high as fifteen million. 
These conflicting estimates are bewildering 
but they seem clearer when we realize the 
“postwar period” will have many phases. 
There will be a period after “V-E” day, 
another after “V-J” day, and then the full 
swing into peacetime economy. This “ pe¬ 
riod” will cover years—not months. 

In April 1940 (which we can take as a 
benchmark), there were about fifty-four 
million men and women in the labor force, 
including forty-five and one-half million 
employed persons, about eight million un¬ 
employed, and less than one-half million in 
the Armed Forces. Four years later (in 
April 1944), the total labor force had ex¬ 
panded by more than nine million to sixty- 
three million. Civilian employment was 
above fifty-one million—about six million 
above the April 1940 figure. The unem¬ 
ployed had decreased by seven million, and 
the Armed Forces had increased by ten and 
one-half million. 

Our ability to expand the labor force by 
nine million explains much of the success of 
our war mobilization. This represents a 
growth of six million to seven million over 
and above the increase which normally might 
have been expected to occur during four 
years as a result of population growth. 
Three million of the so-called abnormal in¬ 
crement to the wartime labor force have 
been women—about one and one-half million 
under twenty-four years of age and about one 
and one-half million over thirty-five years. 

Where do we have to set our sights for the 


postwar period? It is certain that many 
older workers will wish to retire, that many 
women will prefer to resume their work as 
homemakers, and that we shall once again 
start to raise the school-leaving age. Thus 
we need not visualize sixty million persons 
in the postwar labor force. It is necessary, 
however, for us to visualize a much larger 
force than we had in 1940, first because of 
population growth and second because of 
residual influences of the wartime expansion. 

It it highly improbable that abnormal war¬ 
time influences on the labor force will vanish 
without leaving any trace. But let us say 
that conditions are such that only fifty-eight 
and one-half million people are at work, or in 
the Armed Forces, or seeking work in 1947. 
There will be, perhaps, two and one-half mil¬ 
lion persons in the Armed Forces. If we 
grant that two and one-half million is a maxi¬ 
mum volume of permissible unemployment, 
we are faced with a need for fifty-three and 
one-half million civilian jobs. This is seven 
million more than in November 1940, and 
three million above November 3941 (just 
prior to Pearl Harbor). These figures sug¬ 
gest the magnitude of the postwar problem, 
particularly if we recall two facts: (1) the 
vast expansion of certain war industries, and 
(2) that most non-munitions industries ex¬ 
cept construction have expanded rather than 
contracted during the war. 

Various organizations have made forecasts 
with a good deal of agreement as to the ex¬ 
pected level of employment in the post¬ 
conversion period. These estimates range 
between forty-nine and fifty-two million in 
agricultural and noii-agri cultural empl oy- 
ment two years after the end of the war. In 
other words, the very best of the expectations 
(fifty-two million) runs considerably under 
the lowest possible forecast of needed jobs 
(fifty-three and one-half million), and at 
least three million under a reasonable fore¬ 
cast of need. Some of the estimates run 
three million below this level. 
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If we arbitrarily take a figure of fifty 
million jobs as an assumed figure that corre¬ 
sponds to our current sighting, what does 
this mean? It means a net movement of 
about four million out of manufacturing 
industries. These will have to be moved out 
of iron and steel, machinery, aircraft, ship¬ 
building, non-ferrous metals and chemicals 
industries. A few hundred thousand addi¬ 
tional workers may be absorbed in furniture, 
textiles, leather goods, paper, and similar 
industries. Employment in such non-manu¬ 
facturing industries as construction, trade, 
finance, and services will expand after the 
war but hardly enough to offset the contrac¬ 
tion in manufacturing industries. 

The main problem of unemployment, of 
course, will arise when war production is 
virtually eliminated with the termination of 
hostilities in Japan. The measures instituted 
after the defeat of Germany, however, will 
substantially affect the magnitude of the un¬ 
employment problem in the later period. 
Such measures may also determine a pattern 
for business, labor, and government to follow 
subsequently. If the government provides 
finances for educational opportunities, if it 
increases old age insurance, if it liberalizes 
income tax reductions for dependents per¬ 
mitting more women to return to the home, 
unemployment in a part of the postwar 
period will be materially reduced. 

In discussions of postwar unemployment 
too little attention has been directed to the 
fact that the demobilization of the war econ¬ 
omy will fall with varying impacts upon dif¬ 
ferent regions of the country. A recent 
Cleveland Trust Company Bulletin shows the 
number of war workers and members of the 
Armed Forces who will be demobilized in 
each of eighteen states. It is estimated that 
five million, four hundred thousand war 
workers and eight million, eight hundred 
thousand members of the Armed Forces will 
have to be demobilized. About half of this 
total will be located in seven states: New 
York, California, Pennsylvania, Ohio, Illi¬ 
nois, Michigan, and New Jersey. The Na¬ 
tional Industrial Conference Board has also 
made available some illuminating data on 
this point, based on recent studies. 

In some states, such as California and 


Michigan, the major problem will be unem¬ 
ployed war workers. In other states, such 
as New York and Pennsylvania, the major 
problem will be the reabsorption of returning 
service men. New manufacturing areas, 
such as California, will face problems differ¬ 
ent from those (such as Michigan), which 
have long been important manufacturing 
centers. 

After the last war there were areas in 
England which became known as distressed, 
or “blighted,” areas. When our wartime 
boom is ended a similar problem will arise 
here. Towns which have mushroomed under 
the stimulus of nearby war factories, or the 
nearby location of cantonments, will face the 
painful process of contraction and readjust¬ 
ment. While over-all programs to reduce 
unemployment may be useful in limiting the 
magnitude of the problem, they will not solve 
the problems of particular areas. For such 
areas special measures will be required. Ini¬ 
tially, it would be desirable in connection 
with contract termination if, in such areas, 
plants which cannot be converted were to 
continue to produce war goods, while those 
in more favorably located areas in terms of 
employment opportunities receive the first 
cutbacks in orders. 

In the years just ahead, personnel men 
in industry will be called upon to help with 
the guidance and adjustment of thousands 
of workers. More adequate vocational gui¬ 
dance facilities for adults should be provided 
as we prepare for peacetime employment. 
Much needs to be done toward getting ready 
to do this job properly. Communities, indus¬ 
tries, schools and social agencies must be 
ready to carry their share of the load. Well- 
trained guidance counselors are needed. 
Such psychological implements as are avail¬ 
able will be used, but we cannot hope that 
aptitude tests and clinical techniques are 
sufficient. Better information about specific 
jobs is badly needed. This calls for job 
analysis, job specifications, and techniques 
for appraisal of skills and temperament re¬ 
quired in such jobs. Then, too, we need more 
information about the occupational outlook 
in terms of community areas, types of indus¬ 
tries, and seasonal variations. 

The guidance and placement of men and 
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women from the Armed Forces will present 
some unusual and difficult situations. In 
general, the men who will return from mili¬ 
tary service can be divided into four groups: 

(1) The first group includes the physi¬ 
cally disabled. Observations made by place¬ 
ment agencies reveal that fairly widespread 
objection still exists to the employment of 
disabled individuals. Often little considera¬ 
tion is given to true capabilities. 

(2) The second includes men who want to 
and are physically qualified to go back to 
their old jobs. This group includes men who 
have not acquired any new skills in the mili¬ 
tary services and others who, despite the 
acquisition of new skills, prefer their old 
jobs. 

(3) The third group consists of men who 
have received technical training or whose war 
experience has created dissatisfaction with 
pre-induction jobs and an expectation of 
placement in better or more responsible jobs. 
This group includes the office boy who has 
been piloting a four-motor bomber; the me¬ 
chanic's helper who has acquired the rating 
of technical sergeant and has been respon¬ 
sible for the repair of bombsights; and the 
engineering apprentice who has become a 
commissioned officer or a radar operator. 

(4) The fourth group is made up of the 
young men in the Armed Forces who never 
held a job before they went into the Army or 
Navy. They have little or no understanding 
of business and industrial operations. Yet 
they have had a varied and active service 
experience in which life has been lived in¬ 
tensely in some instances and very drably in 
other instances. The routine and, ofttimes, 
uninteresting demands of a business or in¬ 
dustrial job may be irritating. 

Any program of guidance and job place¬ 
ment should be built in terms of providing 
honest, realistic, and helpful treatment— 
taking into account the innumerable human, 
technical, economic, and political elements 
involved. It should represent a consistent, 


effective, and continuing program and not a 
“patriotic spree" of short duration and little 
import. Large numbers of workers and vet¬ 
erans will have to be guided to the industries 
and localities offering more favorable oppor¬ 
tunities, either through the U. S. Employ¬ 
ment Service or through the state employ¬ 
ment agencies when that function is turned 
back to the states. 

Vocational guidance for the individual as 
he faces the future must be done in rather 
specific terms. General information about 
new developments in plastics, possibilities of 
airline freight, and machine tool industries 
for India does not offer help to the man or 
woman who is released from the Armed 
Forces or from a war plant. Such persons 
need specific help as to appropriate job op¬ 
portunities, available training facilities, and 
the resources of community, industry, or 
government that may be utilized at once. 

The reorganization of our economy to 
peacetime pursuits will present tremendous 
difficulties. Regional dislocations, unavoid¬ 
able lags in reconversion, demobilization of 
war workers and members of the Armed 
Forces and surplus property disposal are 
among the problems which will complicate 
the readjustment process. The attainment 
of the desired new record levels of produc¬ 
tion of peacetime goods will be extremely 
difficult, if not impossible, under the condi¬ 
tions prevailing during the transition period. 

It would be more realistic to make allow¬ 
ance for the time which will be required to 
make the necessary adjustments to achieve 
these goals. Output increases aggregating 
more than fifty percent cannot be achieved 
overnight. Time will be required to gear 
our productive and distributive mechanisms 
to this new level of activity. Unless we have 
a full appreciation of the magnitude of the 
task before us, the attainment of these goals 
will be made difficult because we failed to 
get ready—making and implementing plans 
and objectives. 
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ARGENTINA’S AGRICULTURAL FUTURE 

By J. A. SHELLENBERGER 


Argentina has attained world renown as 
an agricultural nation. This reputation has 
been based principally on the quantity and 
high quality of her meat and grain exports, 
which result from a combination of condi¬ 
tions, including favorable climate, fertile 
soil, and a limited population. Argentina 
has been able to produce foodstuffs far be¬ 
yond her own domestic requirements, and 
every indication is that this condition will 
prevail for some time to come. Her fame 
as an exporter of agricultural materials will 
probably increase rather than diminish dur¬ 
ing the next decade. 

In the past, abundant and relatively easy 
production of meat and cereals in certain 
limited and favorable areas has led to the 
common misconception that Argentina is a 
land of unequaled agricultural opportunity 
for an increased population. There is too 
frequently a lack of understanding both 
within and without the country regarding 
the political, economic, and social conditions 
that characterize Argentina’s agricultural 
development. One of the most prevalent 
erroneous contentions is that Argentina is a 
country of vast undeveloped agricultural 
resources and that good land in abundance 
awaits only the arrival of ambitious settlers. 
The origin of this concept is probably trace¬ 
able to circumstances existing before the last 
great division of public lands during the 
middle of the nineteenth century. Recur¬ 
ring colonization propaganda has spread the 
idea that Argentina is a land of promise for 
settlers seeking an opportunity of putting 
additional land under cultivation. This 
concept has been repeated so frequently that 
many Argentines believe in the practicability 
of rapid agricultural developments. 

It is not generally recognized, even in 
Argentina, that practically all the land suit¬ 
able for agriculture is already in use. In 
other words, the country is fully developed 
in respect to the type of argicultural system 
prevailing. This statement does not deny 
that there exists a great opportunity for 
fundamental changes to alter entirely the 


present land utilization system, but the 
situation now is that the land that has made 
Argentina famous for pastoral and agricul¬ 
tural products is fully occupied. The impli¬ 
cation is not that the full possibilities of the 
country have been realized, but that altera¬ 
tions in the type of agriculture in a given 
area are fundamentally different from the 
opening up of new lands. 

For example, a diversified farming can be 
practiced on the pastureland now utilized 
for beef production. This would bring about 
many social and economic changes. How¬ 
ever, if we consider the subject entirely from 
a land utilization standpoint, the substitu¬ 
tion of cultivated crops for pasture is merely 
shifting the type of land utilization. Ob¬ 
viously land may be as fully utilized for 
pasture as for any other purpose. Moreover, 
even the development of diversified farming 
cannot be expected to proceed rapidly, be¬ 
cause most of the land is held in large estates 
and is thus not available in small units such 
as are required for intensive cultivation. 
Good land is seldom offered for sale; conse¬ 
quently families wishing to farm are forced 
to become tenant farmers. 

Argentina is a country of large land- 
holdings, and the small farmer, unfortu¬ 
nately, is a comparatively insignificant factor 
both politically and from the standpoint of 
agricultural production. Over the country 
as a whole, approximately 40 per cent of the 
land is held in estates of more than 12,000 
acres. Land ownership in Argentina is 
synonymous with wealth and social position, 
but unfortunately over 80 per cent of the 
people who work the farms are not land- 
owners. The system of landholding by a 
privileged few is a fundamental Latin Amer¬ 
ican tradition dating back to the days of the 
Spanish Conquest. As new land was dis¬ 
covered it was divided up into huge units 
for distribution to faithful followers, and 
later, after the wars that won independence 
from Spain, the same land-allotment process 
was repeated in most of the South American 
countries. The land has always been held 
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firmly by the ruling caste or their govern¬ 
ments. In contrast to the settlement of the 
North American Continent, immigrants to 
Argentina have found that there was no 
good land to spare for them. 

The immigrants who arrived in Argentina 
during the latter part of the eighteenth and 
the beginning of the nineteenth century be¬ 
came the peons, or laborers, who now work 
the soil as tenant farmers. This is the re¬ 
sult of the organization of the large estates 
where the owner engages in beef-cattle pro¬ 
duction to the exclusion of other farm activi¬ 
ties, on as much of the land as can conve¬ 
niently be managed, but leases small tracts 
to tenant farmers for cultivation on a share- 
crop basis. Most of the cereal and dairy 
production of the country, for example, is in 
the hands of share-crop farmers. However, 
much of the very best land remains in pas¬ 
ture for beef-cattle raising. If this pasture- 
land were intensely farmed, a vastly differ¬ 
ent social and economic system would result, 
but the critical consideration now is the 
realization that the land of Argentina is 
fully utilized when it provides pasture for 
stock up to the maximum capacity to support 
the animals. 

There is always speculation regarding 
when and how the present agricultural sys¬ 
tem will change to provide a more equable 
distribution of the wealth of the land. Inso¬ 
far as the most valuable land in the lit¬ 
toral area is concerned, there is no imme¬ 
diate hope for any startling changes. The 
position of the landowner, tenant farmer, 
and farm employee and the type of agricul¬ 
tural production appear to be sufficiently 
firmly established to resist change except 
perhaps for certain minor adaptations of 
crops as market conditions change. 

The area that represents Argentina’s prin¬ 
cipal agricultural wealth is the flat, fertile, 
and adequately watered littoral region, 
which includes the provinces of Buenos 
Aires, Santa F4, Entre Kios, and Corrientes. 
Nature has provided in this area one of the 
world’s most favorable combinations of soil 
and climate. The essential foundation for 
profitable agricultural enterprise in this area 
has been recognized and fully utilized for 
the past 150 years, and that is why this land 
is tenaciously held in large estates. There is 


practically no opportunity under present 
conditions for the adequate support of a 
larger rural population based upon more 
intensive farming practices. 

There are several other cultivated zones 
outside the littoral area, such as portions 
of the provinces of Tueuman, Salta, Men¬ 
doza San Juan and the territories of Eio 
Negro and Chubut where intensive agricul¬ 
ture is practiced. With the exception of 
the provinces of Tueuman and Salta, the 
principal sugarcane-growing areas, the other 
regions mentioned produce fruits, grapes, 
vegetables, and other crops that can be 
profitably grown by intensive cultivation on 
rather small farms under irrigation. In 
these areas the extent of land cultivated is 
largely limited by the availability of irriga¬ 
tion water. However, it is erroneous to sup¬ 
pose that uncultivated land is unproductive 
land, because from the tip of Patagonia to 
the Bolivian border and from the swampy 
and inundated stretches of the Parana Elver 
system to the high slopes of the Andean 
Mountains, cattle, sheep, and goats are pas¬ 
tured. Families even eke out a precarious 
living on submarginal land by pasturing 
sheep or goats on rough, dry, barren terrain, 
and not infrequently neither the families nor 
the animals are adequately nourished. 

The people live under conditions of ex¬ 
treme deprivation, but conditions are no 
better for the families attempting to make a 
Jiving on the damp, swampy, and frequently 
flooded areas of the Parana and Paraguay 
Eivers. Even though cattle learn to swim 
and forage among the islands or to eat vege¬ 
tation as it floats down the river channels, 
life is difficult and the rewards are small for 
the persons who thus strive for a living 
by raising cattle under such circumstances. 
Truly, Argentina is not the land of agricul¬ 
tural opportunity that many people visualize. 

There are, it is true, vast areas in Argen¬ 
tina that can be made more productive at a 
price . Swamps can be drained; irrigation 
projects can be completed to supply water 
to arid regions; land can be cleared of trees, 
bush, or rocks; and transportation to mar¬ 
kets can be provided for the movement of 
produce from what are now inaccessible lo¬ 
calities. All these measures require large 
expenditures that are somewhat difficult to 
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finance. Obviously Argentina has no monop¬ 
oly on land that can be made productive at a 
price, for such areas exist in every country 
of the world. The financing, planning, engi¬ 
neering, and construction required in Argen¬ 
tina to put certain areas under cultivation 
would, if similarly applied, produce equiva¬ 
lent or possibly even greater returns else¬ 
where. Argentina loses her tremendous eco¬ 
nomic advantage on agricultural export 
commodities whenever products are pro¬ 
duced on land that requires more than the 
minimum of labor and materials. 

Consider first Patagonia, or the southern 
portion of Argentina below the Rio Negro. 
Here a very difficult land utilization problem 
is presented. However, in the opinion of 
many qualified persons the land in this area 
is at present effectively used for sheep rais¬ 
ing. As a whole the region does not support 
many sheep per unit area, but for the present 
at least this appears to be the best use to 
which the land can be put. It is conceivable 
that years of careful selection and breeding 
experiments plus the application of scientific 
agricultural methods will eventually yield 
forage plants that will provide better pasture 
and diversified crops. 

There are adverse weather conditions to 
combat. The warmer ocean currents sweep¬ 
ing the South American coast tend to cause 
the cool air from the Andean range and the 
high plateau to rise after reaching the ocean. 
There is thus created a continuous direc¬ 
tional wind that blows at times with terrific 
velocity from west to east across the entire 
southern portions of Argentina. Thus, 
strong and almost continuous winds necessi¬ 
tate the use of windbreaks before the topsoil 
is plowed. Usually rows of trees are grown 
to serve as protection against wind erosion. 
This type of erosion is a serious fundamental 
handicap to extensive cultivation even if all 
other factors essential to farming were satis¬ 
factory. But there are other difficulties. 
For example, the average precipitation for 
the entire area is about 10 inches annually, 
and this is insufficient moisture for most 
crops, since even wheat requires about 15 
inches. Except for a section of the Chubut 
Valley there are no irrigation works, and 
even here unwise use of water is fast making 
the soil unproductive. 


In the face of the physical difficulties con¬ 
fronting agriculture in the southern terri¬ 
tories, it appears that Patagonia will remain 
for some time a land of large landholdings 
devoted principally to sheep raising. 

Irrigation can be expected to bring about 
eventually an expansion in land cultivation 
in the provinces of La Rioja, Catamarca, 
Santiago del Estero, Salta, and Jujuy. How¬ 
ever, there are many difficulties to be over¬ 
come, since there appears to be no practical 
means at present for obtaining sufficient 
water for the entire region. Rains are infre¬ 
quent, and these regions are hot and dry. 
The Andes Mountains receive some snow 
because of their great height, but there are 
no extensive glacier or snow fields in the 
north to provide a continuous run-off of 
water during the summer months. Conse¬ 
quently water must be conserved by the 
building of dams, and this will be a costly 
undertaking for a sparsely populated area. 
There is not much agitation for such proj¬ 
ects, since most of the land is owned by a 
relatively few persons, and they receive more 
than adequate incomes from the animals that 
now graze the land. 

One irrigation project that is frequently 
talked about and that may be practical is the 
construction of a canal designed to carry a 
portion of the waters of the Parana and 
Pilcomayo Rivers down the Rio Dulce Chan¬ 
nel. If this project is feasible it would bring 
much needed water to the provinces of Salta 
and Santiago del Estero. On the assump¬ 
tion that there would be a rational land- 
development system and the adoption of just 
“water rights, ” this project would make 
available large areas of fertile land for de¬ 
velopment. 

To illustrate the lack of opportunity in 
some of the semiarid northern country, con¬ 
sider the case of the city of Catamarca, which 
is the capital of the province of the same 
name. It is estimated that approximately 
65 per cent of the entire population are em¬ 
ployed by some governmental agency and are 
working in either the Federal or Provincial 
administration offices or as teachers, soldiers, 
and police, or on governmental railroads, 
highways, or irrigation projects. Because of 
the lack of other enterprise the population 
is largely dependent upon some form of gov- 
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eminent employment. Here is an example of 
the reverse sequence of events from the 
precedent established during the develop¬ 
ment of the United States where usually agri¬ 
cultural and business enterprise sprang up 
and governmental activities gradually fol¬ 
lowed as needed by the community. A top- 
heavy preponderance of governmental em¬ 
ployees is not 7 at least under some conditions, 
the most desirable social and economic struc¬ 
ture upon which to build a community. 

Various private and governmental coloni¬ 
zation schemes have been undertaken in 
the northern territories of Formosa, Chaco, 
and Misiones. Most of this territory was 
originally forested, and large areas still are 
uncut. In the Chaco and Formosa the 
quebracho-extY&Qtion industry has resulted 
in the deforestation of large areas, and land 
companies are now anxious to persuade set¬ 
tlers to occupy portions of this land. Plots 
have been sectioned-off into small units and 
are offered for sale. However, the small size 
of the farm units and the conditions of the 
purchase contracts are such that there is not 
much appeal to the few families possessing 
some funds and a willingness to face the toil 
and rigor of pioneer life. Most of the colo¬ 
nists in the Chaco are growing cotton, but it 
is difficult to make this a paying crop, espe¬ 
cially on small farms. Inadequate trans¬ 
portation to centers of population makes the 
growing of semitropical fruits and vegetables 
unprofitable. In spite of many difficulties 
and innumerable handicaps, agricultural 
progress is being made in the Chaco, and as 
more and more land is cleared further de¬ 
velopments will follow. 

The territory of Misiones has many nat¬ 
ural advantages that may in time lead to its 
full agricultural development, but coloniza¬ 
tion up to the present time has been made 
only after many failures. Most of the first 
settlers have spent their labor without gain¬ 
ing either a home or ownership of even a 
small piece of land. However, there are now 
several flourishing settlements along the 
Parana River, and in addition to the lumber¬ 
ing and yerba-mate* enterprises many differ- 

* The leaves and small stems of the mate plant are 
used in South America to prepare a beverage fre¬ 
quently referred to as Paraguayan tea. 


ent crops ranging from jute and hemp to soy¬ 
beans are being grown on an experimental 
basis to determine their probable suitability 
and profitableness. The most profitable crop 
has been yerba male, but legislation designed 
to maintain prices and prevent the accumu¬ 
lation of surpluses has resulted in a law that 
now prohibits the establishment of new plan¬ 
tations or the extension of those now in pro¬ 
duction. 

The future will undoubtedly bring many 
changes in the northern regions as sanitary 
conditions improve and as safeguards of pub¬ 
lic health and welfare increase. Also, better 
education and fuller social life are needed to 
entice desirable families into the areas. Ex¬ 
cept for portions of Misiones, the three terri¬ 
tories of Formosa, Chaco, and Misiones con¬ 
tain a large proportion of low swampy land 
most of which is forested. There is probably 
no more reason to expect rapid development 
in these regions than in other similar semi- 
tropical areas of which there are many in 
South America. 

It is probably safe to conclude that over the 
entire country the amount of land under cul¬ 
tivation, the type of crops, and the general 
methods of agriculture will continue more or 
less unchanged during the immediate post¬ 
war period. New land placed under culti¬ 
vation in the next few years can be expected 
to keep pace with the food and feed demands 
created by the country’s normal increase in 
population, but there is slight likelihood of 
an increase in exportable agricultural prod¬ 
ucts resulting from new land developments. 
What immigration trends will be at the end 
of the war is problematical, but Argentina is 
not likely to be swamped with applicants, 
and those Europeanj refugees who gain ad¬ 
mittance will find industrial employment 
preferable to farming. Already the popula¬ 
tion shift in Argentina has been toward the 
industrialized cities. If only a portion of the 
country’s present industries can be profit¬ 
ably operated during the postwar period, 
there will be but small incentive for families 
to undertake the arduous tasks of earning a 
living by developing new farms. Argentina 
cannot under present conditions be consid¬ 
ered as the land of agricultural opportunity 
except for those who already own the land. 




FIG. 13. PREPARING BASKETRY MATERIAL 

TTItil SPLINTS ARK MADE BY HAND AND MOUTH STRIPPING OF THE BRANCHES OF TOROTE AND PALO BLANCO. 


great difficulties in constructing arrows and 
harpoons had been the fashioning of the 
point. The stone, tooth, or bone points were 
difficult to make and more difficult to attach 
securely to the shaft. The more easily 
worked iron proved a boon to their hunting 
and fishing, and later made a more satis¬ 
factory weapon of war than they had hitherto 
possessed. 

The beginning of Seri wars was the year 

* Continued from page 202 of preceding issue. 


the Seris, and concurrently the death of 
many defending warriors. These expedi¬ 
tions further kindled the hatred of the free 
Seri against the white man, while the few 
score “converts” gathered about the several 
missions gained a shocking character for 
sloth, filth, thievery, treachery, obstinacy and 
drunkenness. Raids upon the settlements 
continued and between 1757 and 1763 4,000 
mules, mares and horses were known to have 
been stolen and eaten. 


THE SAVAGE SERIS OF SONORA—IP 


By EDWARD H. DAVIS AND E. YALE DAWSON 


After the Seris 7 first contact with the 
invading white man through Coronado’s 
soldiers in 1540, they lived for nearly another 
century outside the influence of the civiliza¬ 
tion that w r as eventually to engulf them. 
Rv the early 17th century, however, pearls 
were discovered in the Gulf and the sailing 
ships that began to ply the waters intro¬ 
duced the first great innovation into Seri 
culture. The Indians found on their beaches 
boards from these ships and, most important, 
flotsam hoop-iron and nails. One of the 


1700 during which they first conducted noc¬ 
turnal raids on some of the most outlying 
of the Jesuit mission pueblos of Sonora, 
killing inhabitants with their arrows and 
stealing the cattle and horses. Year after 
year, the gradual expansion of Sonoran set¬ 
tlements and their nearer approach to the 
borders of the Seri homeland aggravated the 
conditions of conflict. The vigorous prose¬ 
lyting expeditions of the Jesuit missionaries 
brought about the capture of some hundred 
women, children, cripples and vieilards of 
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PIG. 14, JUAN TOMAS ANJ> NEPHEW 

OLD SERI CHIEF BEFORE CHICO ROMERO AND VETERAN 
OF MANY WARS, IN 1926 AT THE AGE OF 94 YEARS. 


The further extension of settlements neces¬ 
sitated the establishment of military posts 
from which troops were sent out, first by one, 
then another governor of Sonora, to destroy 
all Seris they might find and to discourage 
their wanton looting and killing. If a strong 
force was sent out, it was frequently am¬ 
bushed and many soldiers were left on the 
field, transfixed by arrows. Many small 
forces left never to be heard from again. 
In 1780 an army of national troops met the 
Seris in several bloody battles in their Cerro 
Prieto, and claimed to have exterminated the 
tribe. Yet the Indians retained sufficient 
vitality to continue their sanguinary raids 


on the settlements of Sonora. Many expedi¬ 
tions, fitted out at great expense, were sent, 
against them, but in that barren, land, desti¬ 
tute of water, the military parties suffered 
greatly in their campaigns, and succeeded 
little in their efforts to conquer the wary 
natives. 

By 1850 probably every Seri between in¬ 
fancy and decrepitude had seen the proprie¬ 
tor and other inhabitants of the rancho of 
Don Pascual Enemas at Costa Rica where 
the Seris were abnormally tolerated and even 
encouraged to make themselves useful and 
unobjectionable. They yielded to indolent 
seavengering more than ever before; they 
substituted cast-off rags and barter-bought 
cotton cloth for their pelican robes and other 
primitive garments. Tiny ate cooked food 
when it fell their wav; half heartcdly tiny 
adopted metal cutting implements and 
sought or stole nails and hoop-iron for arrow 
points. Some acquired a smattering of 
Spanish and many came to sport Spanish 
names. Never, however, did more than one 
or two Seris come to live in a house, nor 
even to encompass tin 1 idea of making adobe. 
They had not, learned to ride horses nor to 
burden them, but only to use them for im¬ 
mediate slaughter and eonsumption. They 
were acquainted with firearms, but it, was 
not until years later that they learned to use 
them, in and about Rancho Costs Rica the 
Seris and the Mexicans lived for a, time in 
mutual tolerance, certain depredations being 
allowed the Indians just as were the rodents 
of the raneheria. 

When, in 1855, Don Pascual Enemas ex¬ 
perienced the loss of unusually large num¬ 
bers of stock from Seri raids, lie was aroused 
into announcing that a Seri head would be 
taken for each head of stock stolen. Eor a 
while, the Indians seemed to acquiesce, but 
within a few days a group of Seri women 
“milled” a band of horses, caught, and threw 
one so that its neck was broken, whereupon 
they immediately sucked its blood, gorged on 
its intestines, and buried its quarters to 
“ripen” according to their custom. The 
vaqueros of the settlement were instructed 
to shoot the first Seri seen on the llano. 
Within two days the tribe was on the war¬ 
path and the war raged for a decade, 
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The Enemas Avar reduced the tribe to some 
350 people, and temporarily discouraged 
their bloodthirsty raids. By 1893, however, 
new killings were being reported. In one 
instance the Seri Chief, Juan Tomas (Fig. 
14), watched as the men of a large rancho 
left for a rodeo and then, worming up 
through the brush, led his warriors into the 
buildings and with clubs and arrows massa¬ 
cred every woman and child within. Two 
Yaqui women who had managed to escape 
into the brush watched as the warriors seized 
the infants by their feet and dashed their 
brains out against a large rock near the 
corral. 

In 1904 a number of wilder Seri, led by 
several Yaquis, went on the warpath and 
killed every sold in a Papago village. The 
Avar with the Papagos that ensued aroused 
the Governor of Sonora into action. Nearly 
250 armed men were sent out to kill or cap¬ 
ture the Yaqui leaders and to administer a 
severe lesson to the Seris. The desert water 
holes Avere all placed under guard until the 
Seri chief, Juan Tomas, Avas forced to sur¬ 
render for his thirsting tribesmen. Peace 
was conditional on the delivery of the Yaqui 
leaders with their hands tied together. Tavo 
days later a couple of gaunt, wild-looking 
Seri women, clothed in. rags and with painted 
faces, walked into the camp to keep the con¬ 
ditions of the peace as they had understood 
them. They carried a palanca between them 
from Avhich were suspended bundles of 
severed hands of the Yaquis who had been 
clubbed to death as they slept. 

Twenty years after the delivery of the 
Yaqui hands (1922) the senior author, under 
arrangement with the Museum of the Ameri¬ 
can Indian in Ncav York, carried out his first 
expedition into the heart of Seriland. Al¬ 
though still, intolerant of aliens and at times 
dangerous if aggravated, their depredations 
had been reduced to the occasional killing of 
a stray cow. The Seris had come to live a 
comparatively peaceful life under the super¬ 
vision of Roberto Thomson of Hermosillo. It 
was through his efforts that the Seris Avere 
saved from complete extermination by the 
vaqueros of Sonora, and after having treated 
them for many years as a friend and adviser, 
he had made it feasible for a visitor to enter 


their lands and to live among them Avithout 
undue fear of losing his life. Through the 
kindness of Sefior Thomson the senior author 
succeeded in making himself a friend of the 
Seri and, enlarging upon this friendship 
through long periods of living and traveling 
among them, lias acquired an intimate knowl¬ 
edge of these strange people. 

In 1922 the fishing industry of the Gull: of 
California was not yet Avell developed, and it 
Avas to be ten years before the A r iHage of Kino 
should appear on the maps of the Sonora 
coast. The Seris Avere still isolated in their 
desert domain and their numbers, then about 
250, Avere maintaining themselves out of 
reach of the infectious diseases of the Avhite 
man. The elan life had disappeared, and the 
people lived as a single tribe with their old 
chief, Juan Tomas, 90 years old at that time 



FIG. 15. MOVING DAY AMONG THE SERIS 

THESE BURDENS, BORNE FOR MANY MILES OVER ROCKS, 
THROUGH CACTUS AND DEEP SAND, CONTAIN UTENSILS 
FOR HOUSEKEEPING WHEREVER THE SERIS MAY STOP. 
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and a veteran of nearly a century of warfare 
against the soldiers of Sonora. The turtle 
remained their most important source of 
food, and the pitahaya harvest the most en¬ 
joyed. The crafts of their old culture were 
largely gone, however. Hoop-iron had come 
in formally uses: harpoon points, scrapers, 
and knives. The bow and arrow had been 
almost entirely supplanted by rifles of which 
the tribe possessed more than thirty. The 
handmade olla was fast disappearing in 
favor of the five-gallon tin can, and water 
carrying, now much done by the males, was 
accomplished by means of a pulauca, borne 


of sea lion oil and powdered (‘actus skeleton, 
was launched. It was the largest craft they 
had ever possessed and came to be called the 
“battleship,” for its size. 

After having established firm friendship 
with the tribe in 1922, it was possible two 
years later to carry out an extensive plan to 
learn the habits of the Beris by living among 
them, sharing their comradeship along with 
their privations. At this time they still had 
no homes that could even be called semi¬ 
permanent. Moving here and there in re¬ 
sponse to fluctuations of their precarious 
food supply, household tilings were not ac- 



FIG. 16. FAMILY DOGS ARE OFTEN MORE NUMEROUS THAN THE PEOPLE 

HERE A J GROUP OP SEVEN SERIS IN THE VILLAGE NEAR KINO KEEPS TEN OR MORE OF THE MONGREL CANINES. 


on the heavily calloused shoulder, to which 
a can was suspended from each end. 

It seemed that the balsa building art was 
encountered barely as it passed into extinc¬ 
tion, for the last balsa known to have been 
made by the Seris was found in use near 
Kino, in 1922. This rare prize was immedi¬ 
ately bargained for and in exchange it was 
agreed that the tribesman should have lum¬ 
ber to build a boat large enough for all the 
people of his family. A few months later the 
finished craft, caulked with a “pilch” made 


cumulated, and life continued to be reduced 
to its very simplest elements arid absolute 
necessities. Baskets made of fiber from the 
toroto tree, some tin cooking and water ves¬ 
sels (the handmade olla was seldom any 
longer made), some patched and filthy rags 
which served as blankets to the fortunate 
few, constituted the family possessions (Fig. 
15). Starved, bony family dogs were abun¬ 
dant, as always, every Indian having one or 
two (Fig. 16). Each day they could be seen, 
gnawing on some old fish head long since 





SAVAGE SERIS OE SONORA 


265 



EIG. 17. SERI BLIND MAN 

BEING LED BY A BOY, NOTE THE CRUDE SHELTER OF 
POLES AND BRUSH SERVING AS AN AIRY DWELLING. 


destitute of nourishment, tougli and strong 
as rawhide; but hope springs eternal in an 
Indian dog’s stomach, and again and again 
lie will search out and mouth the same old 
pelican bone or fish head, discouraged never. 
The dogs, beside keeping the camp clean, lick 
all the cooking utensils when they are not 
tended, and also are allowed to lick clean the 
infants after they have performed their natu¬ 
ral defecations. A Seri girl was seen placing 
a small can of water for a dog to drink from, 
afterward drinking some of the remainder 
herself and then pouring the rest back into 
the family five-gallon can. 

Although the conditions of existence for 
the Sen's had from time immemorial been too 
precarious to permit of anyone living who 
was unable by physical disability to hunt or 
fish to get his meat, there were two or three 
men, blind or nearly so, whose wives got an 
uncertain living for them by the hardest 
struggle (Fig. 17). If a Seri, however, be¬ 
came ill of a disease which the tribe feared, 
he was often taken into the desert and left 
with a little food and water, either to get well 
and return or to perish. 


Sea turtle was still the staple meat, and 
with better boats and improved tools and 
tackle borrowed from the Mexicans, the liv¬ 
ing was becoming considerably less harsh 
along the shores. They then had nine boats 
for some two hundred people. One good 
boat could secure a living for five families, 
and they had well improved this minimum 
standard of living. 

The origin of the use of fire among the 
Seri’s is unknown, but they have their own 
story of it. One day Chico Romero, present 
chief of the Seris (Fig. 19), made a fire drill 
out of a piece of dry driftwood and showed 
how to make a fire by turning the stick be¬ 
tween the hands. In three or four minutes 
the fine dust became a glowing punk which, 
with the aid of some dry grass and the wind, 
was quickly fanned into a flame. He was 
then induced to tell the legend. He looked 
about and pointed to a little green and blue- 
bodied fly and said: “The gods sent this fly 
down from the sky to show us how to make 
fire. Notice when it lands. Did you not see 



FIG. 18. THE NATIVE DANCE 

IS DONE ON TOP OF A TURTLE SHELL TO THE BEAT 
OF A BOW STRING BEING STRUCK WHILE THE BOW 
IS HELD AGAINST TWO INVERTED BASKETS ON SAND. 
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it take its two hands, rub them over its head 
and then nib them together a few times? 
The Indians not Seed this and in this way we 
were taught by this little fly how to make fire 
by rubbing a stick back and forth between 
our two hands. ” 

In response to comments about the noc¬ 
turnal howling of the coyote, Chico told 
another interesting tribal legend. “A long 
time ago all Seris were birds or animals. 
The badger bad charge of the saints or gods, 
which were little images carried in a pouch 
and hung around his neck by black strings. 



FIU. 19. OH 100 ROMERO 

WHO SUCCEEDED OLD JUAN TOMAS AS CHIEF OF SERIS, 


Coyote got to quarreling with badger and, 
watching his chance,, grabbed the bag, tore it 
loose and ran off with it, giving his derisive 
laugh as he ran, and ever since coyote lias 
been laughing at badger and all others. 


Before this it was day all the time, but then 
it became night and coyote only laughs at 
night. The black strings still hang about 
badger’s neck. 1 ’ 

It is strange to find, too, that a flood legend 
is traditional among the Seris. Chico said: 
“In the times of the ancients a great flood 
came, the ocean rose up and all the country 
of the Seris was under water except the top 
of Cerro Alto. There a Few Seris gathered 
and were saved. Everyone else was drowned. 
To this day the top of Cerro Alto is covered 
with brush which the flood did not submerge. 
All Seri children are taught this flood tra¬ 
dition, and they must learn it by heart; so 
as to teach their children and their grand¬ 
children.” 

The death of a tribesman gives no cause 
for ceremony among the Seris, although, the 
nearest relatives may customarily wail, some¬ 
times for months, morning and evening. The 
disposal of the bodies of the dead, is, how¬ 
ever, of considerable interest. A bole about 
three feet deep is dug by means of large 
clam shells and a cave is excavated for the 
head such that the earth will not touch it, 
Tim deceased Indian is wrapped in his own 
blanket and laid in the grave with the head 
to the East, face up. The body is covered 
and the grave is partly filled with earth, Hum 
covered with a layer of the spiniest of ehollas 
and thorny brush, further filled, leveled and 
covered with another layer of ehollas to dis¬ 
courage the coyotes from digging up the 
body. "When the Seris are on the move, how¬ 
ever, and grave-digging is too great a task, 
a body may simply be lifted high to the fork 
of a giant cactus and left there. 

Marriage among the Seris is not so much 
a ceremony as it is the completion of a bar¬ 
gain. Under ordinary circumstances, when 
a man buys a woman he strikes a bargain 
with the bride’s parents and makes a down 
payment. Only after completion, of the bar¬ 
gain does the woman go to live with the man, 
but even then payments do not cease but 
continue intermittently through life. Chico 
Romero, although “married” for fifteen 
years, gave his wife’s father some paint that 
he had received in payment for guiding and 
packing. It is also considered natural' to 
buy and sell children. One Seri, Santo 



FIG. 20. HK1U WOMEN BEARING FIRE WOOD TO THE CAMP AT KINO 


Blanco, whose son was only sixteen years about 1DJ12-3, the exploitation of the teem- 
old, bought outright for him a little girl of ing waters of the Gulf was rapid, and the 
six years. village of Kino suddenly appeared on the 

When contracts for fish were secured by bay by that name where there had been 
the Mexicans from American markets in nothing but Meri jaeals before. Today there 



FIG. 21. A MEXICAN TO TIT AY A CATCH ON THE BEACH AT KTNO 
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FIG. 22. SOME SERI WOMEN OF THE VILLAGE NEAR KINO 


are four or five hundred people there, more 
during the peak of the season, and some fifty 
or more wattle and daub shacks arranged 
without plan or order, facing at every angle, 
but all near the beach on which the fishing 
boats land and are pulled up on shore. Re¬ 
frigerated trucks carry fifteen to twenty-five 
tons of fish away daily during the height of 
the season, mostly the huge endemic totuava 
(Fig. 21). These great fish are dragged from 
the boats and lined up on the Shore/ where 
the heads are chopped off and the entrails 
are pulled out and left to be carried away 
by the tides or consumed by hundreds of 
scavenger gulls of the beach. A quarter mile 
north of Kino is the present-day Seri village 
where nearly all the Seris now live semi¬ 
permanently because of the easy money and 
living. They have their own boats, fish a 
little for profit, and also bake the discarded 
fish heads for food. The Seri dwellings are 
pow scarcely inferior to many of the wattle 
and daub shacks of the Mexicans. Indeed, 
many of the Mexican shacks are built by 
Seris in exchange for manta cloth or food. 


They are mostly of ocotillo sticks and mes- 
quite branches stood up in the sand, lashed 
together, and plastered with mud for pro¬ 
tection from the wind, but not from the rain 
(Fig. 22). When the fishing season ends 
about Holy Week, they all move away to the 
turtle grounds on Tibnron Island, where 
they also hunt deer. Then in June and July 
they go into the desert hills to reap the har¬ 
vest of cactus fruit, retiring to the lowlands 
thereafter to harvest the mesquite beans and 
to await the recurrence of the big fish. In 
and about Kino they are reasonably well fed 
and clothed, and were it not for their sus¬ 
ceptibility to disease they would be as well- 
off as many of the Mexicans. Influenza 
strikes them heavily, however, and pneu¬ 
monia is common, usually fatal. Their num¬ 
bers dwindle and their extinction is in sight, 
yet for a little while these strange people 
will continue to tread the rocks and thorns 
of their desert land, a handful of Nature’s 
primitive creatures, through whose veins 
flows the blood of thoroughbred American 
aborigines. 



LIVESTOCK IN THE LIVES OF THE CHINESE 

By RALPH W. PHILLIPS 


The place of livestock in the lives of the 
people of any country is related intimately 
to their mode of living. The mode of living 
in turn is closely associated with geographic 
and climatic conditions. In China there is a 
wide variety of these conditions, and there 
are two main modes of living among the 
rural populations, represented by the settled 
farmers of the eastern and southeastern 
parts of the country and the nomadic and 
seminomadic peoples of the northern, west¬ 
ern, and northwestern portions. In addition 
to variations in mode of living of the people 
and in the environment, there are variations 


in racial stocks that affect the utilization of 
livestock. 

China is a land of mountains. Level land 
is found only along some river valleys, in 
delta regions, and in a few other areas. The 
largest of these level areas is the compound 
delta that reaches from northern Chekiang 
Province northward into Manchuria. There 
are two large inland basins in Kiangsi and 
Ilunan Provinces, around Poyang and Tung- 
ting Lakes, respectively. There are a few 
alluvial areas south of the Yangtze Valley, 
including small deltas in the vicinity of 
Swatow and Canton. West China has 



THE MAJOR AGRICULTURAL AREAS OF CHINA 
Area A is the rice region. Area B is a relatively dry farming region where wheat is the major 

CROP J MILLET AND KAOLIANG ARE ALSO IMPORTANT GRAIN CROPS IN PARTS OF THIS AREA. Area C IS PRE¬ 
DOMINANTLY GRAZING LAND ] THERE ARE WIDE VARIATIONS IN GEOGRAPHICAL AND CLIMATIC CONDITIONS HERE* 
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HIGH FARMLAND IN EASTERN CHINGHAT 

ALTHOUGH THE MOUNTAIN IS TERRACED TO THE VERY 
TOP, EROSIVE GULLIES ARE FORMING AS SHOWN HERE. 


limited level areas in the alluvial fan of the 
Chengtu Plain and the plateau of Yunnan. 
Rather large areas of level or rolling country 
are located also in Tibet and Mongolia, being 
mostly in the nature of high plateaus, and 
there are some level areas in Sinkiang. The 
remainder of the country is mountainous, 
much of it being quite rugged. The Ohing- 
ling Mountains and associated ranges in 
central China form the natural boundary 
between the humid rice area of the south and 
the drier area of the north. Buck (1937) 
classifies the area south of these mountains 
as the rice region and that north of them as 
the wheat region, these being the most impor¬ 
tant food crops grown in the two areas. 
Some wheat is grown in the northeastern por¬ 
tion of the rice region. Kaoliang and millet 
also are important grain crops in some parts 
of the wheat regions. Some areas in north¬ 
ern China and especially in the more recently 
developed areas of Manchuria have consider¬ 
ably larger farms and fields than are indi¬ 
cated by the averages given below for the 
rice and wheat regions. The grasslands lie 
to the north, northwest, and west of these 
major crop areas. The three regions are out¬ 
lined on the map on page 269. 

China’s farming area is for the most part 
a land of small fields. Where the country is 
level they are usually square or rectangular. 
In the hill country of the south the ricefields 


are terraced and follow the contours, and the 
landscape is very irregular. Terracing is 
used extensively also in the northern portion 
of the country, but since flooding of the land 
is not practiced here, as it must be in the rice 
area, the terraces are not so level and are not 
built so carefully along natural contours. 
Irrigation is practiced extensively in many 
river valleys. Open, unfenced fields are the 
rule. Individual farms are small. Buck 
(1937) surveyed a large number of farms in 
the rice and wheat regions and found the 
average acreages to be 3.09 and 5.53, respec¬ 
tively. Even these small areas are so broken 
up that the average number of parcels of 
land for each farm is 5.6, the rice and wheat 
areas being nearly identical in this respect. 
Everywhere in the farming regions there is 
ail oversupply of people and an undersupply 
of tillable land. Every available plot is 
pressed into use for the production of human 
food. This is aptly illustrated by Buck 
(1937) in a comparison of the use of land in 
the farming area of China with that in the 
United States: 


Use of land Uiiina 

iVr omt 

drops . 89.(1 

Pasture .Li 

Woodland (not used for pasture) 1.7 

Other land. 7.(5 


United 
States 
IVr cvn t 
41,9 
47*0 
(5,(5 
4.5 



RICEFIELDS NEAR CHUNGKING, SZECHWAN 

RICE PLANTS HAVE JUST BEEN TRANSPLANTED, BROAD- 
BEANS GROW ON THE NARROW BANKS BETWEEN FIELDS. 
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Obviously there is little room for livestock 
other than the essential working animals in 
the densely populated areas of China. 

The grasslands are made up for the most 
part of mountainous and high plateau 
regions. The nomadic and seminomadic 
peoples in these regions herd most of their 
livestock on the higher mountainsides and 
plateaus during summer and bring them into 
the lower valleys in the winter months. In 
most of these regions the winter climate is 
severe. Except for the very high portions of 
Tibet, Sikong, Chinghai, and Sinkiang, the 
climate in these provinces is somewhat less 
severe than in Mongolia and Manchuria, and 
it is more moist in Tibet, Sikong, and 
Chinghai than in the other grassland prov¬ 
inces. In all these areas, however, the natu¬ 
ral feed supply is low during winter and 
little feed is grown and stored for livestock. 
Consequently, animals are usually in poor 
condition at the end of the winter season, and 


heavy death losses are frequently incurred. 
Much of Sinkiang is at a lower altitude than 
the Tibetan and Mongolian plateaus, and the 
temperature is generally more favorable to 
successful livestock production. In all the 
grassland areas overgrazing and other mis¬ 
management of the grazing areas present 
problems that are in urgent need of atten¬ 
tion. Lack of communication and transpor¬ 
tation between these grassland areas and the 
farming areas is among the factors that have 
prevented development of a balanced econ¬ 
omy such as is found between the western 
grazing areas and the eastern portion of the 
United States. 

Kacially the Chinese are a heterogeneous 
people. Latourette (1934) states that there 
is much uncertainty as to the origin of many 
of the groups. Many invasions of the fertile 
lands of North China by non-Chinese stocks 
from the northeast, north, and west undoubt¬ 
edly left their marks on the population of 



A YURT OF THE TYPE USED BY MONGOLIANS 

THIS ONE, IN EASTERN CHINGHAI, BETjONGED TO KAZAKH TRIBESPEOPLE WHO HAD MIGRATED FROM: SINKIANG. 
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IMPROVED PITS USED POE ST OKI NO NIGIIT SOIL AND LIVESTOCK MANURE 

AS IT LIQUEFIES THE MANURE IS DIPPED OUT AND SPREAD OVER THE FIELDS. HOME OF THE RtCEFtEJ.DS IN 
THE BACK OF THE PHOTOGRAPH HAVE BEEN DRAINED AND ARE PRODUCING A GOOD CROP OF WINTER VEGETABLES. 


that region. The Koreans have intermingled 
with other stocks to some extent, especially 
in Manchuria. Similarly, there are several 
types in the southern portion of the country, 
owing to mixing of the Chinese with native 
tribes and with other peoples of southeastern 
Asia. In addition to the Chinese the pre¬ 
dominant groups are the Tibetans, Mon¬ 
golians, and Mohammedans. The Mohamme¬ 
dans, of course, are not a distinct racial 
group but include at least Turkish, Mon¬ 
golian, and Arab stock, mixed with Chinese. 
In addition to the major groups there are 
many tribes that are of lesser importance 
numerically, such as the Kazakhs of the ex¬ 
treme northwest and the Miao of the moun¬ 
tainous regions of Kweichow and adjacent 
territory. 

The Chinese are the predominant racial 
stock in the densely populated farming areas. 
Less aggressive native tribes, such as the 


Miao, have been pushed back into the poorer 
mountain regions. Chinese farmers have 
also moved into the more fertile lands at the 
border of the Tibetan and Mongolian areas 
and many have migrated into Manchuria, 
and in these border regions there is conflict 
between the pastoral and agrarian economies. 
Mohammedans are found in largest numbers 
in Chinghai, Kansu, Ningsia, and Sinkiang 
Provinces. 

The Chinese farmer is a tiller of the soil 
and has made; much progress in the develop¬ 
ment of terracing, irrigation, and other 
methods of preserving the producing capac¬ 
ity of the soil. But he is not so skilled in 
animal husbandry. ■ Apart from animals 
used for draft power, livestock plays a minor 
part in his farming operations. Owing to 
small farms and relatively low productivity 
resulting from lack of adequate replacement 
of soil nutrients, most of his available land 
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must be used for the production of human 
food, leaving little space or feed for livestock. 

The nomadic and seminomadic groups of 
the Imxer-Asian grassland areas are largely 
dependent upon livestock for their existence 
and therefore have a greater natural interest 
in animal husbandry, but little effort has 
been expended by them in livestock improve¬ 
ment. Most of these people live in areas 
where the winter climate is severe. There is 
relatively little land upon which crops can 
be grown successfully, and almost no at¬ 
tempts have been made to utilize any of this 
land for the production of supplemental feed 
for the livestock. 

The uses of various types of livestock are 
described briefly below. Detailed descrip¬ 
tions of the types of livestock are given by 
Phillips (1944) and Phillips, Johnson, and 
Moyer (1945). 

Horses, Donkeys, and Mules 

Horses were used most extensively in the 


past by nomadic and seminomadic people in 
the grassland areas, while donkeys were used 
primarily by Chinese farmers. Neither 
horses nor donkeys are of much importance 
in the rice area, except along highways and 
in some very mountainous regions. Horses 
have penetrated the dry-farming region and 
are now used extensively there for farm 
power, along with draft cattle. Donkeys are 
used very little in the grasslands, except 
along the borders where Chinese farmers 
have moved into the valleys that can be culti¬ 
vated, but they are used for all types of work 
i u othe l* areas. Mu 1 es a, re prod need wh or ever 
donkeys and horses co-exist, but the impor¬ 
tant production centers are in the Wei and 
lower Yellow Diver Valleys, in area B of 
the map on page 269. 

In addition to their use on farms, horses, 
donkeys, and mules arc utilized extensively 
in commercial transportation, both as pack 
animals and for pulling carts. Roads that 
can be used by motor vehicles are as yet only 
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A DONKEY-ANB-BULLOCK TEAM 

PHOTOGRAPHED ON A FARM IN SHANSI BY DR. R. T. 
MOYER, OFFICE OF FOREIGN AGRICULTURAL RELATIONS. 


ribbons at infrequent intervals through the 
fanning areas and grasslands of most of 
China. Much of the produce and goods 
moved between the rural areas and key 
points on these roads must be carried by pack 
caravan or on the backs of men. Horses, 
donkeys, and mules, along with cattle, yak, 
pien niu (yak-cattle hybrids), and camels, 
play an important part in the commerce 
along the narrow trails that wind among rice- 
fields, over hills and mountains, and across 
deserts to China’s villages and other rural 
trading centers. 

Horses and their relatives are used exten¬ 
sively for riding in the grassland areas but 
only to a limited extent in farming regions* 
Chinese saddles are not built for comfort, 
even though they are frequently decorated 
in attractive and picturesque designs. For 
long rides heavy quilts are usually placed 
over the saddle as antiblister insurance. In 
the dry-farming area and adjacent regions 
it is a common custom for riders of donkeys 
to sit over the hips of the animals; as a result 
they feel only the movements of the rear legs. 

Chinese horses are of three major types: 
the Mongolian horses of the grassland and 
dry-farming areas, the ponies of the rice 
region of southeastern China, and the small 
horses of Sikong and portions of adjoining 
provinces. There is considerable variation 
within each type, and several subtypes may 
be recognized among the Mongolian horses. 

There is much variation in size among the 
donkeys. Small and medium-sized animals 


predominate, except in the Wei and lower 
Yellow Kiver Valley areas, where many large 
donkeys arc found. Jacks of this larger type 
are especially prized for use as sires of mules. 

Most of the mules are produced by mating 
donkeys to Mongolian mares, and the size 
of the mule depends to a large extent on the 
size of jack used. The mules sired by large 
jacks are highly prized for pulling the heavy 
carts used in highway transportation. 

Good horsemanship is little known in 
China, except among some of the grassland 
peoples. Animals in cart and pack caravans 
are usually driven by whip and voice. Those 
in carts are frequently reined tightly, to the 
point of cruelty. Those that are used for 
riding are often not well broken or trained. 
Many of them are accustomed to going their 
own gait, regardless of the will of the rider. 
Overloading of animals used for packing and 
in highway transportation is the rule. 

Camels 

The 11 ships of the desert” are important in 
most of the grassland area (0 on map), ex¬ 
cept Tibet, Sikong, and eastern and southern 
Chinghai* They travel also outside this area, 
in commercial transportation, especially in 
Kansu, northern Shensi and Shansi, Hopeh, 
and Jehol Provinces. They are used pri¬ 
marily as pack animals and to some extent 
for riding. Camel’s, wool is collected at the 



A MONGOLIAN PRINCE AND HIS HORSE 

PRINCE TA LI ■ TZA YA, OF A LAS AN BANNER, NING- 
SIA, PROUDLY DISPLAYS ONE OF HIS BEST MOUNTS- 
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HORSES AND MULES PULL MUCH OE THE FREIGHT ALONG FREE CHINA'S HIGHWAYS 

CARTS AND THEIR “HORSEPOWER" LINED UP IN FRONT OF STACIE TRANSPORTATION DEPOT IN LANCHOW, KANSU, 


time of shedding* in spring and is an impor¬ 
tant by-product from these work animals. 
Some camel milk also is used. 

Camels are worked mostly during the 
cooler months of the year, partly owing to 
the necessity of keeping them out of the sum¬ 
mer heat and also owing to the need of fat¬ 
tening them during spring and summer so 
that they will be able to work during the 
following fall and winter. Feed supplies are 
scarce along the caravan trails, and as a re¬ 
sult the reserve energy stored in the animals’ 
humps is used up; by spring the humps are 
thin and fall over to the sides of the animal. 
The camels are then taken to the mountains 
to graze, and the humps gradually fatten 
and become erect. 

Most of the camels in China are of the 
Bactrian, or two-humped, type. There are 
reports indicating that some of the one¬ 
humped type, or dromedary, may be found 
in Sinkiang and possibly in Manchuria. 

Cattle, Water Buffalo, and Yak 

Cattle are used throughout China. Water 
buffalo are limited almost entirely to the riee 
area (A on map), where they are the most 
important work animals in the ricefields. 
Yak are found in large numbers in the 
Tibetan areas and in Mongolia. 


Cattle are the chief source of power on 
farms in the dry-farming region but share 
this responsibility with water buffalo in the 
rice region, where water buffalo are more 
numerous in some provinces and cattle in 
others. In addition to their use in all kinds 
of farm work, cattle are employed extensively 
as pack animals, especially in southern China, 
where relatively few horses and donkeys are 
available. In the grasslands and adjacent 
areas in the dry-land farming region cattle 
are used also for milk production. 

All cattle in China arc called “yellow cat¬ 
tle 7 ’ to distinguish them from water buffalo 
and yak. There are three main types. The 
draft cattle of the farming regions (A and B 
on map) are muscular and have a hump. The 
cows are not milked except by their calves. 
The cattle in most of the grasslands are less 
muscular, have no hump, and the cows give 
only a small amount of milk. They are com¬ 
monly called Mongolian cattle and are found 
in all the grassland provinces, except Tibet 
and Sikong, and also in the northern portion 
of the dry-farming area (B on map), There 
is considerable variation in size and form 
within these major types. A third type is 
composed of the very small, lean cattle of 
Tibet and Sikong. It is not certain whether 
these small cattle are related to Mongolian 
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cattle or are of the same stock as the small 
hill cattle of northern India. 

Water buffalo, like cattle, are used chiefly 
for work. They are adapted to work in the 
water and mud of the ricefields and are used 
almost entirely for this purpose. Some are 
used in sugar mills, salt wells, and other com¬ 
mercial enterprises. In some areas they 
have been utilized for producing milk, but 
this has been rather limited and their pro¬ 
duction is low. 

Farms are usually small and have only 
one or two draft cattle or water buffalo. 
Since the farming operations depend upon 
these animals, they.are given as good care 
as the feed supply and other environmental 
conditions will permit. Animals that are 
used in pack caravans and other commercial 



them the dried casein. Butter is mixed with 
tea to make the Tibetan’s favorite drink, 
buttered tea. And they like it rancid. Fresh 
butter is not preferred. It is used also as a 
cream to protect their bodies from wind and 
as fuel in the candle pots in the lamaseries. 
The odors are terrific. In the words of one 
missionary, when describing the meetings of 
Tibetans in his little chapel during the win¬ 
ter months, with a stove keeping the room 
warm, he felt that at these times he was 
<£ really serving the Lord.” 

The pien niu, a hybrid between yak and 
cattle, is usually produced by mating a yel¬ 
low-cattle bull to a yak cow. The hybrids 
are larger and stronger than yak. They are 
prized as pack animals, and females are gen¬ 
erally believed to produce more milk than the 



CATTLE ABE USED EXTENSIVELY AS DRAFT ANIMALS 
Left; oows pulling a wooden plow in a high valley near top op the chingling mountains^hensi, 
Light: WATER buffalo are used mainly in rice areas,* this one pulls a HARROW IN A SZECHWAN FIELD. 


work are treated much less kindly, even 
brutally at times. Overloading is the rule. 

The yak is the most important animal in 
the Tibetan area and is important also in 
Mongolia. It is used mainly as a pack ani¬ 
mal and for milk production and to a limited 
extent as a draft animal and for riding. Its 
long hair is utilized for making cloth for 
tents and for certain other purposes. The 
lives of many Tibetans are dependent upon 
the yak. These animals are herded on the 
high mountains in spring, summer, and fall 
and in the valleys in winter. During spring 
and summer, butter and a crude casein are 
manufactured and stored for use during the 
winter months. Animals are sometimes kept 
alive during severe winter storms by feeding 


yak cows. They are produced in all areas 
where yak are found. All available informa¬ 
tion indicates that the male hybrids are 
sterile, but the females are fertile. Their off¬ 
spring are considered to be less productive 
than pien niu or yak, regardless of whether 
they are mated to a yak or yellow-cattle bull, 
although no direct evidence is available on 
this point. Uncontrolled breeding in areas 
where yak are raised naturally makes the 
utilization of the pien niu females in breed¬ 
ing operations difficult. 

Old and injured cattle, water buffalo, yak, 
and pien niu and occasional surplus ani¬ 
mals are slaughtered for food. Among the 
Chinese there is a rather widespread feeling 
that animals that have worked faithfully 
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LIVESTOCK SERVES MANY NEEDS OE THE CHINESE FARMER 

Left: TIBETAN WOMAN MILKING A YAK. THE SILVER BOWLS ON HER BACK ARE PART OE TOE FAMILY FORTUNE* 

Might: A bullock, blindfolded to prevent dizziness, turning a small mill of type COMMONLY FOUND. 


should not be slaughtered and eaten. The 
Tibetans not only slaughter animals but also 
frequently eat those that die accidentally or 
of any disease other than anthrax. 

Sheep 

Sheep are of great importance to the peo¬ 
ples of the grasslands, of less importance in 
the dry-farming region, and of relatively 
little consequence in the rice region. 

Mutton is the most important meat in the 
grassland areas. Wool is made into clothing, 
blankets, mgs, and felt. The felt is used 
for boots and to cover the yurts in which 
many Mongolians and some others live. 
Pelts of the young sheep are used to line 
gowns as protection from the cold winds. 
Some skins are made into leather. Inflated 
sheepskin rafts are used on the Yellow River. 
Droppings collected in corrals at night are 
utilized as fertilizer or for fuel. Some sheep 
are milked to obtain human food. Surplus 



wool is sold to provide some cash for pur¬ 
chase of the few manufactured articles used 
in the simple life of the grassland peoples* 
Hence, throughout the grasslands, sheep are 
the most important animals in the basic econ¬ 
omy of the people. 

Sheep in the grasslands are usually herded 
in flocks of 100 or more, with some flocks 
numbering 1,000 or more. The largest flocks 
belong to lamaseries and government officials. 
In the fanning areas flocks are usually less 
than 100 and often include only a few sheep. 
They are grazed during the day, under the 
care of children or old men or women, and 
are brought into the village or farmhouse at 
night. In many villages the sheep of all 
families are grazed as one flock, with each 
family taking its turn at the herding or pay¬ 
ing a herder\s fee in proportion to the num¬ 
ber of animals owned. In the dry area of the 
northern portion of the farming region sheep 
are quite important in the economy of the 



TWO KINDS OF CHINESE CONVEYANCES 

Left : PEKING carts, such as are in common use in the dry-farming areas of north CHINA. Might : A 
mule-sedan chair, donkeys and mules are used extensively, especially in the dry-farming regions.' 
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people. In the riee area there is little land 
for grazing, and the warm, damp climate 
intensifies the parasite problem, and so sheep 
are important only in the more mountainous, 
provinces and in a few silk-producing areas 
where they are confined and fed on mulberry 
leaves, the manure being used to fertilize the 
mulberry trees. 

There are three major types of sheep in 
China: Mongolian, Tibetan, and Kazakh. 
Mongolian sheep are a fat-tailed type, some 
having tails that weigh as much as 20 pounds. 
Several subtypes may be recognized within 
the Mongolian type. The Tibetan sheep have 
a short and very small tail. Kazakh sheep, so 
called because they apparently were brought 


and in the dry-farming region and are also 
rather numerous throughout the rice region 
where few sheep are raised. In the rice re¬ 
gion they may be herded in small bands or 
tethered individually for grazing. Goats are 
raised primarily for their meat and skins. 
Definite figures are not available, but goat 
meat probably ranks next to pork in amount 
eaten in the Chinese farming areas and next 
to mutton in the grasslands. Goatskins were 
an important item in China's export trade 
before the present war. In some areas the 
native goats are milked, but production is 
low. Fiber is sheared from the long-haired 
types. It is utilized for weaving coarse cloth 
such as is used in grain bags. 



PRODUCTS OF CHINA 8IIKEP HERDS 

Left: MOHAMMEDAN SOLDIERS OF CTXINGHAI 7 S PROVINCIAL ARMY SPINNING YARN FROM WOOL. Might; SOLDIERS 
WEAVING LONG STRIPS OF CLOTH THAT WILL BE OUT INTO LENGTHS AND SEWN TOGETHER TO MAKE BLANKETS. 



into northwestern China from Kazakhstan, 
are a fat-rumped type. All types have a 
fleece with a long, coarse outer coat and a 
shorter fine under coat. The wool is reason¬ 
ably good for carpets, and China is known 
in the world wool trade as an important 
Source of carpet wool. In China the outer 
and under coats are frequently sorted by 
hand so that the under coat may be used in 
making fmer-quality materials. In some 
Mongolian and adjacent areas it is common 
practice to comb the under coat from the 
sheep ip spring, and to shear the outer coat 
sometime during summer or fall. 

Goats 

Goats are found in all parts of China, 
They graze with the sheep in the grasslands 


There is much variation in size, color, body 
form, and type of coat among the goats of 
China. Those in many areas have not been 
described, and the types in areas where they 
have been described are too varied to be char¬ 
acterized here. 

Swine 

Swine are important in all areas where 
Chinese predominate. Pork is a favored 
article in their diet. In the grassland areas 
there is little feed suitable for swine; conse¬ 
quently few are raised. In northwestern 
China, Mohammedans make up an important 
part of the population, and their religion 
prohibits the eating of pork. 

The growing pig is used largely as a scav¬ 
enger and to turn vegetable refuse and other 
rather coarse feeds into manure for the fields. 
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Sows are usually kept by wealthier farmers. 
Many pigs when about six weeks old are sold 
to poorer farmers, who feed them on rough 
feeds for a time and resell them to other 
farmers to get a little cash. This process 
may be repeated three or four times, in some 
areas, before the pigs are finally purchased 
by wealthier farmers or owners of sugar fac¬ 
tories or distilleries for fattening on concen¬ 
trates for a relatively short period. A hog 
may be eighteen months to two years old be¬ 
fore it is slaughtered. 

Fat hogs go to market in several ways. 
Many are driven on foot over distances up 
to five miles, sometimes farther. In order to 
avoid loss of weight a hog for market is often 
tied to a board and carried on a coolie’s back, 
or suspended on two bamboo poles and car¬ 
ried by two men after the fashion of a sedan 
chair. In some areas they are tied feet up 
on wheelbarrows and pushed to market. 

Owing to lack of refrigeration pork must 
be sold within a short time after the animals 


are slaughtered. The common practice is to 
begin slaughtering about midnight, so that 
the meat will be in the retail markets early 
the following morning. A Chinese city is 
never quiet. Even in the dead of night when 
no light is visible one can hear a variety of 
sounds, and among these is the squealing of 
pigs. 

Bristles are an important by product of the 
Chinese hog; especially in normal times. The 
longer bristles from the back are pulled, 
clipped, or scraped off and then cleaned and 
processed for sale, ultimately to be used in 
the making of brushes. The soft bristles are 
carefully combed out, and the stiff ones are 
sorted and graded according to lengths and 
tied in small bundles for marketing. The 
sorting and grading requires much skill and 
nimble fingers. 

Chinese hogs are of two major types. 
Those of northern China (approximately the 
same region as area B on map) are black and 
have long, straight faces, large ears, and rela- 









GOATS, AS WELL AS SHEEP, ARE EOTTND IN ALL PARTS OP CHINA 

HERE A MOHAMMEDAN SOLDIER WATCHES A PORTION OP A PLOOK OP GOATS ON THE GRASSLANDS OF CHIXGHAI. 
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SCENE IN WEANLING-PIG SECTION OF LIVESTOCK MATiT AT YUNGCHANG, SZECHWAN 

PIGS COME TO MARKET IN' BASKETS. THE TWO CENTER MEN, SEEMINGLY SHAKING HANDS, ARE BARGAINING. 
BIDS ARE MADE BY FINGER SIGNALS IN THE SLEEVES, SO THAT ONLOOKERS CANNOT KNOW PRICK AGREED ON, 


tively long, thin bodies. Those of southern 
China (area A on map) are shorter and more 
rotund. Their faces tend to be dished and 
the ears are smaller. Home are black; others 
are black and white. In some sections a few 
red or brown animals are found intermingled 
with blacks. 

Poultry 

China is commonly thought of as a country 
with many chickens, owing to her importance 
as a source of dried eggs. But most farms 
have only a few birds, usually less than ten. 
Commercial poultry farms of the type and 
scale common in the United States are prac¬ 
tically unknown. Chickens are kept on most 
farms and around homes in villages, pri¬ 
marily as scavengers of kitchen and farm 
wastes. Egg production is low, approxi¬ 
mately 50 eggs annually per hen. The sur¬ 
plus eggs are sold, as a source of cash income, 
in the local markets. Before the war most of 
the dried eggs were produced in foreign- 
own ed factories along the railroads, where it 
was easy to collect large quantities from the 
local markets. 

Bucks are kept on farms in small numbers 
as scavengers. Specialized operators also 
herd large numbers of them in the ricefields. 


At the time the rice is harvested those opera¬ 
tors, usually two or three men, carrying a 
small bamboo house and cooking equipment 
with them, assemble several hundred to a 
thousand young ducks. The Hock is driven 
slowly to a central marketing point, feeding 
on fallen rice in the fields along the way. 
In exchange for the rice picked up in their 
fields the farmers get the manure that is left 
behind. 

Geese are kept in small numbers, usually 
no more than one. pair to a farm. They are 
prized as house watchers, owing to the noise 
they make when any strange animal or per¬ 
son approaches. 

Chickens and ducks and their eggs pro¬ 
vide important sources of animal protein in 
the Chinese diet. Birds, as well as eggs, are 
sold in the marketing centers on .regular 
market days. They are commonly carried 
in large, specially constructed bamboo bas¬ 
kets, one basket being suspended on each 
end of a shoulder bar. 

The Chinese have developed an interesting 
and effective method of incubating eggs, par¬ 
ticularly duck eggs. They place the eggs in 
net bags and pack them in barrels or boxes 
of hot rice, which is changed at frequent 
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intervals to maintain a reasonably constant 
temperature. A high degree of skill and 
watchfulness is necessary to obtain success 
with such a method. Another method is to 
incubate the eggs on heated kangs, or earthen 
beds. No thermometers are used, the opera¬ 
tors depending entirely on their sense of 
touch to maintain proper temperatures. 

Improving Chinese Livestock 

Many agricultural workers in China, as 
well as those of other countries who have 
dealt with China’s agricultural problems, 
feel that China is and must continue to be a 
crop-producing country, owing to the ex¬ 
treme pressure of population. This view¬ 
point is reasonably accurate, if one thinks 
only of the densely populated farming re¬ 
gions, but there are possibilities of improv¬ 
ing the contribution of livestock to the well- 
being of the people. For example, there 
might be developed milking strains of water 
buffalo and cattle, to serve for the produc¬ 
tion of both work and milk, and milking 
strains of goats that would produce milk in 
addition to the present important products 
of goats, namely, meat and skins. For the 
country as a whole livestock :is important 
and should make a much larger contribution 
to China’s economy than it does at present. 

From the standpoint of types of agricul¬ 
tural production and distribution of popula¬ 
tion, China is similar to the United States. 
The densely populated and the intensively 
cultivated areas are in the southeastern and 
east-central portions, while much of the west 
and northwest is suitable only for grazing. 
The basic difference is that in China the 
pastoral and agrarian economies are not 
brought together by adequate transportation 
and political ties. With improved transpor¬ 
tation political ties could be strengthened 
more easily, of course. Those familiar with 
the broad agricultural picture in the United 
States know that much of our beef, lamb, 
and wool is produced on western ranges. 
Many feeder cattle and lambs move into mid- 
western crop areas for fattening and then on 
to the eastern population centers for con¬ 
sumption. With adequate transportation 
this picture could be partially duplicated in 
China, Surplus grain would not be avail- 



A SZECHWAN PIC GOES TO MARKET 


able for extensive fattening operations, such 
as are carried out in the Corn Belt of the 
United States, but grass-grown cattle, yak, 
sheep, goats, and horses and some of: their 
products, such as wool, hides, bones, and 
butter, could move into the densely popu¬ 
lated areas for consumption, manufacture, or 
work. Then densely populated areas would 
in turn have a new market for manufactured 
goods and surplus food. 

Many Chinese think of grasslands as 
wastelands. One frequently hears of: plans 
sponsored by high political officials, which 



MEAT IB BOLD IN OPEN-AIR MARKETS 

MUTTON IS THE ONLY MEAT OFFERED FOR SALE AT 
THIS MARKET IN TAER-SJ5, CHINGHAI. THE FAT IS 
CUT AWAY IN STRIPS TO. DISPLAY THE LEAN PART. 
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appear logical to untrained observers and 
workers, to expand greatly the human and 
livestock population of the grassland areas, 
so that these so-called “wastelands” can be 
more fully utilized. Such programs cannot 
hope to succeed except in a few very limited 
localities. In many areas the numbers of 
livestock should be reduced, and in only a 
few areas could any increases be made suc¬ 
cessfully at present. With the development 
of adequate methods of range management 
and control of grazing, the total livestock 



GAZELLE SKIN ON DISPLAY 
THE OFFICIAL IS MA LU ; THB MOHAMMEDAN OOMMIS- 
SIONER OF FINANCE IN THE PROVINCE OF CHINOHAI. 


population could be gradually increased, and 
Wi1;h this some increase of human population 
could be made. But such developments 
should be preceded by adequate development 
Of the range and by development of the small 
amounts of available adjacent lands that are 
suitable for cultivation, so that they would 
supplement the range industry rather than 
conflict with it, as they do now. 


The view that livestock numbers are at or 
near the maximum for existing range condi¬ 
tions is supported by all trained observers 
who have visited the grasslands and with 
whom the writer has discussed this problem. 
It is also the conclusion of Boss (198(1), who 
studied the problem in Manchuria and in 
parts of Inner Mongolia. In western Man¬ 
churia and Inner Mongolia severe droughts 
are not uncommon, and these when they 
occur may accentuate the effects of any ten¬ 
dency toward overstocking. (Vossey’s sum¬ 
mary (1934) of the potentialities of the 
Central Asiatic steppes should be cited in 
connection with this problem: “ In this waste 
all life struggles incessantly against the re¬ 
strictions imposed by the climate and only 
those plants and animals survive that can 
adjust themselves to the meager resources 
available. The possibilities of occupation, 
shelter, food, fuel, and clothing are all laid 
down by nature. The one resource is an un¬ 
certain supply of short dry grass.” 

There is a basic conflict between the 
nomads and the farmers that encroach on 
the edge of the nomad lands. These farmers 
move iti and develop small subsistence farms 
in the valleys where the nomads have been 
accustomed to grazing their animals during 
winter and early-spri ng months. The nomad 
is thus pushed out of grazing land that he 
needs for the most critical seasons of the 
year. Much of this land is marginal, and 
the result is that the farmer makes a poor 
living and the nomad has a poorer living 
than he had before. As this process goes on 
the nomads suffer more, and the country as 
a whole loses products that it needs badly. 
The logical development in such areas is to 
devise a system of agriculture in which the 
available cropland is used to grow supple¬ 
mental feed for the range livestock so that 
they can he carried safely through severe 
winter storms and early spring when feed is 
very scarce on the range itself, plus some 
food for the livestock owners themselves. 
This would eliminate much of the winter 
death loss, and the females would be better 
able to maintain pregnancy and nurse their 
young satisfactorily in spring and summer. 
The result of such a development would be 
greatly increased supplies of wool, meat, and 
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leather and other products for use in China 
and an improved market for manufactured 
products from other parts of the country. 

The basic conflict between the nomad and 
the farmer was recognized in Manchuria and 
Inner Mongolia by Ross (1936), who stated: 

4 4 So far as the present volume of wool pro¬ 
duction in Manchukuo and Inner Mongolia 
is concerned, by far the greater part of this 
comes from the purely pastoral zones and 
very little from the agricultural areas. In 
the border territories between these two 
zones, there is likely to be increasing compe¬ 
tition between the demands of an agricul¬ 
tural and pastoral economy, so the tendency 
will be for sheep grazing to be increasingly 
restricted rather than the reverse.” It ap¬ 
pears also that this same conflict between 
farmer and nomad was partially responsible 
for the break between Outer Mongolia and 
China at the time of the fall of the Clring 
Dynasty, owing to resentment among the 
Mongols over repeal of laws that had until 
a short time previously prevented coloniza¬ 
tion of their grazing land by Chinese farmers. 
The fall of this last dynasty gave them 
opportunity to break away from a govern¬ 
ment that had not recognized their basic 
needs and rights. 

Another misconception in China, at least 
in some grassland areas, is that a man's 
wealth is measured by the number of animals 
he owns. The important point is not how 
many annuals he owns but how much usable 
or marketable product he is able to harvest 
from those animals each year. In many cases 
it is possible to increase production by reduc¬ 
ing numbers to the, optimum carrying ca¬ 
pacity of the range. 

Immediate improvement in the producing 
capacity of the grassland areas can be 
brought about by improving the hereditary 
capacity of the animals to produce wool and 
other products, and, as has already been 
emphasized, increases in numbers should 
await growth of an adequate feed supply. 

In the crop-producing areas of China the 
major effort is now expended on the produc¬ 
tion of grain for human food, and with the 
existing density of population it is necessary 
that this emphasis continue. But there is 
room for increased emphasis on livestock and 



DONKEY IS “DOCTOR’S” TRADE-MARK 

NATIVE MEDICINES ARE CARRIED IN’ THE SADDLE* 
BAG POUCHES, PATIENTS ARE SEATED ON THE DON¬ 
KEY FOR DIAGNOSIS, AND SIGNS ADVISE PEOPLE 
TO GET WELL QUICK ON A HORSE. IN SZECHWAN. 

for improving the environment of livestock 
without interfering with the production of 
human food. In grassland areas crop pro¬ 
duction should supplement livestock produc¬ 
tion, while in farming areas livestock should 
supplement crop production. Careful studies 
should be made of the possibilities of produc¬ 
ing more forage crops, especially legumes, 
and root crops that could be used for live¬ 
stock feed, so that the diets of working ani¬ 
mals on these farms can be improved. Simi¬ 
lar studies should be made of the possibilities 
of improving the methods of feeding swine 
and poultry. Some grain might be diverted 
from human consumption for these purposes 
and to support milk production, either by 
animals used for work or by goats kept for 
this purpose, in order to increase the amounts 
of animal protein and calcium in the diets 
of farm people. There must be provision for 
sufficient good-quality forage and other feeds 
if these animals are to provide a sufficient 
supply of milk for the farm family. Market¬ 
ing of some crops through livestock is essen¬ 
tial to the maintenance of soil fertility by 
return of manure to the land. 
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INFLATED SHEEPSKIN HAFTS ARE USED ON THE YELLOW RIVER 

AS MANY AS 300 SKINS ARE TIED TOGETHER FOR LONG DOWN-RIVER TRTPH, AFTER WHICH THE SKIN'S ARE SOLD, 


The problems of diseases and parasites 
must also be considered in the improvement 
of the environment. Chinese workers are 
now conscious of the disease problem but 
are apt to overemphasize the relative impor¬ 
tance of the serum bottle and the injection 
needle. Production of viruses and serums 
is vital to the maintenance of livestock health, 
and there is no intention here to minimize its 
importance. * However, there is need for 
greater emphasis on sanitation, on manage¬ 
ment practices that help to control parasites, 
and on improved nutrition, so*that the ani¬ 
mals will have sufficient reserve energy to 
better withstand disease and parasitic at¬ 
tacks. 

Most of the farm livestock and poultry in 
China are of rather primitive unimproved 
types. Some of the existing types are meet¬ 
ing the needs of the country reasonably well 
in certain of their functions. These need to 
be improved in certain other functions so 


that, they can make greater contributions to 
national welfare. Other types are in need of 
improvement in all their productive charac¬ 
teristics. There are three main methods by 
which improvement in productive capacity 
could be brought about: (1) Selection within 
the native types, (2) grading up with already 
improved types of breeds from other coun¬ 
tries, and (3) development of new types out 
of animals that are graded only part of the 
way up to the purebred type. 

Selection within native types has certain 
advantages. There is then no problem of 
selection and importation of foreign stock, 
and the native types are already adapted to 
the local environment, which may not be true 
of types brought in from other countries. 
The disadvantage of this method is that prog¬ 
ress will be much slower than with grading 
up with already improved types, provided 
the improved types meet China's needs and 
are adapted to the environment. 
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Grading up has the obvious advantage of 
making possible rapid improvement, through 
the breeding of improved males with large 
numbers of native females. This is the logi¬ 
cal choice in all cases where there are exist¬ 
ing types in other countries that meet China’s 
needs and that are apt to be able to perform 
satisfactorily under Chinese conditions. If 
this method proves satisfactory, foreign or 
other improved herds need be maintained 
only as sources of males to continue the grad¬ 
ing-up program, while the bulk of the ani¬ 
mals in the country would become high 
grades as the program progressed. 

In many cases it may be found that the 
foreign purebred animals are not able to per¬ 
form well under existing environmental con¬ 
ditions. Grades that are carrying a certain 
amount of improved breeding may give satis¬ 
factory performance and produce at higher 
levels than the native stock. In such cases 
the obvious procedure is to determine the 
extent to which improved breeding can be 
introduced and then to develop a new type, 
from animals with this breeding background. 

Inbreeding is a useful tool in livestock 
improvement, once improved types are rea¬ 
sonably well established, but it seems proba¬ 
ble that it should be avoided so far as possible 
in the early stages of an improvement pro¬ 
gram in China. Inbreeding in the improved 
stocks that are used for grading up or de¬ 
veloping new types would not he objection¬ 
able, particularly if it had been used as a 
means of increasing the homozygosity in 


outstanding strains. But its use in develop¬ 
ing improved types by grading up and then 
selecting to fix a new intermediate type 
should be avoided uutil the new type has 
been fixed to some extent by selection. To do 
this a large number of sires should be used 
in initial stages of sucli programs. 

Hybridization will continue to be useful 
as a means of producing mules, and also pien 
niu, provided satisfactory methods can be 
developed for utilizing the pien niu females 
effectively in continued breeding operations. 

Livestock improvement in China will de¬ 
pend not, only upon bettering the environ¬ 
ment and adopting sound genetic approaches 
to the breeding problems but also upon a 
realization by political and scientific leaders 
of the part that livestock must play in the 
development of a well-rounded agriculture 
and a well-balanced national economy. 
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NEPTUNE’S RACETRACKS 

By C. WYTHE COOKE 


Some folks attribute them to a comet, a 
flock of “shooting stars/ 7 a cluster of meteor¬ 
ites. But what really shaped the racetracks 
in the Carolina bays was the galloping hooves 
of the white-maned horses of Neptune. 

One would scarcely notice their curvature 
from the ground. They appear to be merely 
low, broad ridges of loose sand that rise only 
a few feet above the swamp and stretch in 
front and behind as far as one can see be¬ 
tween the tall pines that cover them. Hunt¬ 
ers follow them because they provide a 
firmer footing than the mucky swamp on 
either side. Along them straggle logging 
roads that come from nowhere in particular, 
pathways where woodsmen haul great trunks 
of pine and cypress. 

It is only from high in the air that the 
shape and size of the ridges become apparent. 
Their light sandy soil contrasts strikingly 
with the black humus of the adjoining bays, 
from which they stand out conspicuously as 
slender oval rings a mile or more hi diameter, 
white racetracks on a black field. Their 
shapes are remarkable, for some form nearly 
geometrically perfect ellipses, and all ap¬ 
proach the elliptical outline. Their orienta¬ 
tion is even more surprising, for ail are 
elongated in the same direction, which the 
compass shows to be exactly northwest- 
southeast, exactly bisecting the cardinal 
directions (Figs. 1-3). 

The elliptical shape, the parallel trend, 
and the further fact that many of the rings 
are broadest near their southeastern ends led 
two young geologists to suggest, in 1933, that 
these unusual markings might be scars made 
by the impact of a swarm of meteorites, pos¬ 
sibly the nucleus of a comet, that were travel¬ 
ing through space in the same direction and 
struck the earth a glancing blow, gouging 
out an oval hollow and heaping most of the 
flying debris at the farther end of the 
excavation. 

To the casual reader this explanation has 
much fo boifimend it and appears to be quite 
plausible, but on closer analysis the hypoth¬ 
esis is found to be utterly untenable. No 


fragments of meteorites have been found 
near the supposed sears. The sand rings are 
much too low and narrow to contain the 
material splashed out by a projectile large 
enough to have made such a big mark. Even 
if the sand piles had later been worn down 
by the sea, as some proponents claim with¬ 
out a shred of evidence, the rings would, still 
be too small, for they should have become 
wider as their tops were removed by erosion. 
Moreover, the sear in Arizona called Meteor 



FIG. 1. '‘ NEPTUNE >8 BACKTRACKS ' ’ 

SAND RINGS WITHIN AN OLD LAKE BASIN 7 MILES NW. 
OB MYRTLE BEACH, N. C, WAVES BREAKING AGAINST 
THE EASTERN SIDE OP OOTTONPATCTI BAY STARTED AN 
EDDY, WHICH BUILT THE SAND BAR SURROUNDING IT. 

Crater, which is known to have been made 
by a meteorite, is not elliptical but nearly 
circular. Genuine meteorite scars are nearly 
circular because the intense heat generated 
by the terrific impact instantly explodes the 
near-by ground water into steam, which 
blows out a circular hole. 

Much more evidence that the sand rings 
are not meteorite scars might easily be mar¬ 
shaled? but it seems needless to expand the 
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argument here. The late Prof. Douglas 
Johnson, of Columbia University, a world- 
famous geographer, once president of the 
Geological Society of America, devoted 100 
pages of his book on The Origin of the Caro¬ 
lina Bays to an impartial analysis of the evi¬ 
dence for and against the hypothesis. He 
stated emphatically that the sand rings are 
not meteorite scars. All but a few geologists 
who had weighed the evidence, pro and con, 
were of the same opinion even before John¬ 
son’s book was published in 1942. Never¬ 
theless, the hypothesis has such appeal to 
the popular imagination that it still offers a 
fertile field to writers of fiction. So, it is 
not surprising to find in the Saturday Eve¬ 
ning Post for September 9, 1944, an article 
by Herbert Ravenel Sass on When the Comet 
Struck, in which that talented writer gives 
free flight to his fancy. No doubt Mr. Sass 
found particular pleasure in writing that 
imaginative article, in which he describes 
what might have happened if a shower of 
meteorites had struck his beloved 44 low coun¬ 
try” of South Carolina. 

It was "on airplane photographs taken in 
the heart of the “low country,” near Con¬ 
way, S. Cl, that the so-called meteorite scars 
were first detected. Similar features had 
been noticed long before near Darlington, 
S. C., but the preposterous meteorite hy¬ 
pothesis was not suggested until photographs 
of the peninsula that separates the Wacca- 
maw River from the Atlantic Ocean showed 
them in great abundance seven miles north 
of Myrtle Beach and extending eastward to 
the North Carolina state line. Subsequent 
search has revealed them in the neighboring 
counties of North Carolina and as far west in 
South Carolina as Allendale and Hampton 
Counties. 

To the trained eye of the geoinorphologist, 
or student of land forms, it is at once appar¬ 
ent that the flat, swampy bogs within the 
sand rings are ancient lake basins that have 
become choked by the long-continued growth 
and partial decay of water-loving plants. 
Some of the basins still retain patches of 
open wafer too deep for sedges to take root. 
It is evident also that the sand rings them¬ 
selves are merely beach ridges and bars 
shaped by waves and currents before the 



FIG. 2. BAND RINGS IN MARION COUNTS’, S. 0. 

NW. OI ) 1 GALI.VA NTS FERRY. ALL A PPARENTLY SHAPED 
BY EDDIES IN ONE BODY OF WATER, THE 2 LARGE 
ONES BY COMPLEMENTARY EDDIES, ONE (THE NORTH¬ 
EASTERN) FLOWING CLOCKWISE, THE OTHER COUNTER. 

shallow water near shore was overgrown by 
vegetation, which prevented further modi¬ 
fication and protected them from the attack 
of storm waves. Nearly every existing sand- 
bottomed lake is ringed by a similar more or 
less well-defined beach ridge that rises a few 
feet above the water level. Some modem 
beach ridges expand into dunes, or areas of 
wind-blown sand, just as many of the sand 
rings in the Carolina bays are widest along 
one of their sides. 

Even adherents of the meteorite hypothe¬ 
sis admit that the sand rings once enclosed 
lakes. What is more natural than that a 
meteorite scar should fill with water? But 
if the lake basins are not meteorite scars, they 
say, how do you account for their perfectly 
elliptical shape and their parallel trend? 
To answer this we must call on the horses of 
Neptune, whipped by Zephyrus, the West 
Wind, and guided by Gyraea, the goddess of 
the whirlpool and the spinning top. 

Mortal eyes cannot see this goddess, ex¬ 
cept sometimes dimly in the heart of the hur- 
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ricane or in the vortex of the twisting tor¬ 
nado or waterspout. But she sits by the side 
of the pilot of the airliner and keeps his com¬ 
pass pointed at the North Star. She lurks 
within the Queen Mary and steadies her 
against the storm. Invisible, she holds erect 
the boy’s spinning top until its speed begins 
to slacken, then, as it starts to topple, whirls 
its axle, ever faster, round and round. 

This invisible force, the “goddess Gyraea,” 
resides in every particle of matter, solid, 
liquid, or gaseous, that moves in a curved 
path. It imparts to the whirling flywheel 
two peculiar properties, gyroscopic proper¬ 
ties, that it does not have when not revolving. 
First, Gyraea strongly resists every effort to 
change the direction of the axle of a whirling 
flywheel, but she permits the flywheel to be 
moved freely in any direction so long as the 
direction of its axle remains fixed in space. 
This is the property that holds a rapidly 
spinning top upright and permits it to be 
moved around while still spinning. It is the 
property that gives stability to the gyro- 
stabilizer used in ships. It is the funda¬ 
mental property of the gyroscope. 

A second property is this: When pressure 
is applied to a point on the face of a whirling 
flywheel the wheel tilts sideways instead of 
yielding directly to the pressure, and this 
sidewise tilting has the same speed that the 
direct tilting would have if the wheel were 
not spinning. If the sidewise tilting (physi¬ 
cists call it precession) is resisted, the wheel 
twists around until its axle lies at right 
angles to the pressure, parallel to the line 
about which it is forced to revolve. 

This second gyroscopic property is illus¬ 
trated by the leaning top; the weight of the 
top tends to pull it over, and so it circles 
sideways instead of falling flat. 

But, you wonder, what has Gyraea, the 
goddess of whirling motion, to do with placid 
ponds, limpid lakes, and the shape of the 
beach ridges that surround them? Why is 
she not out rolling hoops and spinning tops 
with the kiddies ? And what are the horses 
of Neptune doing so far from the sea? And 
why call on Zephyrus, reputedly the gentlest 
of all the winds, to lash the horses into 
action ? 

■Now,, placid lakes do not remain placid 


when the wind blows across them. Even a 
gentle breeze is sufficient to ripple their sur¬ 
faces, and a brisk gale soon starts the waves 
to prancing. With white manes flying they 
roll evenly across the water, rise in the shal¬ 
lows, and dash up the beach in a burst of 
foam. Where they strike the shore obliquely 
they carom back, and the broken wave is car¬ 
ried forward along the beach. Before Jong a 
continuous current is set in motion along the 
exposed shore, and a return current either 
hugs the opposite bank in the lee oil the land 
or strikes back across the open lake. Under 
either condition the water is rotating as in 
an eddy—forward on one side, back on the 
other—and playful Gyraea leaves her toys 
and takes the reins. Let- us see what course 
she will follow. 

An eddy may be compared to a great fly¬ 
wheel. Each drop of water within it moves 
in a curved path or orbit, and therefore it is 
subject to the same Jaws as the .flywheel. 
Like the flywheel of a gyroscope its orbit 
tends to remain fixed in space. If one tries 
to divert it from its natural course it curves 
sideways instead of yielding directly to the 
opposing force. 

Let us imagine, for a moment, that the 
dropH of water within a single orbit in an 
eddy form a rigid hoop or wheel revolving 
freely within a loose frame. How will the 
wheel be affected by the rotation of the 
earth ? 

When it first starts to spin, the wheel is 
lying flat on the ground, its surface hori¬ 
zontal, its axle vertical and so not parallel 
to the axis of the earth. As the earth rotates, 
the wheel, responsive to the first law of gyro¬ 
scopic action, tends to keep the direction of 
its axle fixed in space while the earth turns 
under it. This causes the eastern side of the 
wheel to begin, to rise from the ground, just 
as a sunbeam rises above the horizon in the 
morning. But the weight of the wheel pulls 
it down. This pressure tends to tilt the 
wheel from west to east, out of its original 
direction. 

Because of the second law of gyroscopic 
motion, this west-to-east pressure causes the 
wheel to pivot sideways at right angles to 
that direction, so that either the northern or 
the southern side of the wheel rises from the 



FIG. 3. GROUPS OF HAND RINGS 10 MILKS NNJFfl. OF MYRTLE BWAOIt. S. 0. 


THEY SEEM TO RECORD THE OUTLINES OF TANGENT ED 
FROM THE WHORE OF BARE BONE BAY HAH ENCROACHED 

ground instead of the eastern side, against 
which the pressure of gravity is at first ap¬ 
plied. But this pivoting, also, is resisted by 
the weight of the wheel. So the axle sets 
Itself parallel to the axis of the earth (about 
which it is forced to revolve), just like a 
gyroscopic compass with its axle pointed at 
the North Star. If the wheel were propped 
up in this position, steeply tilted to the 
horizon, it would offer no further gyroscopic 
resistance but would be carried freely 
through space by the daily rotation of the 
earth. 

But the drops of water in the orbit are not 
propped up; neither are they rigidly con¬ 
nected. They instantly collapse under their 
own weight. The circular tilted orbit, flat- 


>IES IN ONE OR TWO BODIES OF WATER. SAND BLOWN 
ON ADJOINING BAY. ALIj THE RINGS ARE ELLIPTICAL. 

tenet! into a horizontal plane, becomes an 
ellipse of definite proportions, which vary 
with the latitude, the altitude of the North 
Star. 

If the beach of the lake is sandy, if the 
longshore current is strong and persistent, 
the beach will gradually assume the shape of 
the eddy; for the dashing waves will loosen 
and pick up sand, which the current will re¬ 
distribute over the bottom, dropping it along 
its course. Wherever the current leaves the 
original shore a sand bar will follow it out 
and may ultimately completely encircle the 
eddy. In this manner the elliptical course 
of an eddy, which vanishes when the current 
stops, may be perpetuated in the shape of 
bars and beaches* 
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Many of the sand rings in the Carolina 
bays appear to have been constructed in this 
way. The perfection of their symmetry is 
too great to have been wrought by ordinary 
wave action, undirected by Gyraea. More¬ 
over, the proportions of the best-formed rings 
are almost identical with those of a theoret¬ 
ical eddy at the same latitude. In fact, of 
twelve rings that have been measured, the 
average deviation from the theoretical propor¬ 
tions amounts to only 0.35 of one per cent, and 
not one of the twelve differs by as much as 10 
per cent from the ideal shape. Considerable 
individual variation is to be expected, for 
the theoretical ellipse is merely the limiting 
shape to which the sand bars should ap¬ 
proach, and few could be expected to attain 
perfection. Some of the rings bulge out a 
little toward the east, as if strong waves had 
attacked the shore more vigorously on that 
side than on the other. The opposite side 
conforms more closely to an ellipse. 

So much for the shape of the rings, which 
resembles the theoretical shape of an eddy. 
"What about the orientation, the direction in 
which they extend? Does that, too, fit the 
hypothesis of rotating currents? 

Let us return to the revolving wheel, the 
materialized orbit, which we left with its 
southern side propped up so that its axle 
pointed at the North Star. When we remove 
the prop, the weight of the wheel pulls down¬ 
ward, but instead of tilting downward the 
obstinate axle circles (processes) sideways 
(eastward or westward) just like the axle of 
a gyroscope or a leaning top. This move¬ 
ment throws the axle out of alignment with 
the axis of the earth. The wheel again offers 
gyroscopic resistance to being moved by the 
rotating earth. It sidesteps again, this time 
tilting northward or southward, for the pres¬ 
sure is downward on the eastern side. This 
northward or southward precession turns the 
axle back into alignment. 

Thus is set up a rapid alternation of tilting 
abound a north-south line and tilting around 
an east-west line, which results in an appar¬ 
ent tilting around a diagonal line bisecting 
the angle between them. In the Northern 
Hemisphere this diagonal proves to be the 
northwest-southeast line; in the Southern 
Hemisphere it is the opposite. 


So the ellipse formed by the collapsed cir¬ 
cular orbit in an eddy extends northwest- 
southeastward, exactly the trend of the ellip¬ 
tical sand rings in the Carolina bays. The 
orientation as well as the shape fits the hy¬ 
pothesis of circulating currents. 

The skeptic may point out that winds have 
been blowing across lakes, off and on, since 
time immemorial, yet most lakes are not 
elliptical nor are they all elongated in the 
same direction. If Gyraea is really an all- 
pervading force, why are not evidences of her 
work more prevalent? The answer is that 
her strength is intermittent. Sometimes she 
is powerful, sometimes impotent. When the** 
current of an eddy ceases to flow she van¬ 
ishes. Moreover, storm waves in an hour 
may destroy structures that have taken weeks 
or months to perfect. To work effectively 
she needs very unusual conditions; to pre¬ 
serve her works rapid changes in environ¬ 
ment are required. 

What are those conditions? Let us peep 
into the past. Turn back the calendar some 
50,000 years to the beginning of the last 
important glacial epoch of the Great Ice Age. 
What was the country like when the sand 
rings in the Carolina bays were born? Let 
us watch, it in its travail. 

The “low country” lias just emerged from 
beneath the, ocean. We find it (and so it 
remains) a nearly level, sandy plain, feature¬ 
less except for lakes of many shapes and sizes 
that fill shallow hollows in the old sea bottom. 
Here and there are straight or curving sand 
bars, which dam the water into long lagoons 
behind them. 

Beyond the distant mountains lie great ice 
sheets that cover Canada and extend far 
south into the States, This huge cold blanket 
extending into warm latitudes sets up con¬ 
vection currents in the air. Strong gales 
blow persistently, Dark clouds of dust, rock 
powder ground by the glacier, rise from the 
flood plain of the Mississippi and settle in a 
thickening wedge of loess on the region east 
of the river. Little or no dust falls in Caro¬ 
lina, however, for no rivers from the glaciers 
cross the mountains. But persistent winds 
blow from the west and heap up sand on the 
eastern shores of the lakes. 

The wind blows across the lakes. The 
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horses of Neptune rise on the water, shake 
their manes, and trot along the beaeh. First 
a trot, then a gallop. The clear, clean water 
near shore, stirred by the glancing waves, 
begins to move, keeping pace with the horses, 
whose keen hooves cut deep into the sand. 
As the water begins to eddy Gyraea takes the 
reins and holds them ever more firmly as the 
current gathers momentum. 

Round and round the water circles. How 
fast it goes is anybody’s guess. A speed of 
only a mile or two an hour will slowly dis¬ 
tribute sand kicked up by the waves, but a 
faster current is very much more effective. 
Three or four miles an hour certainly is not 
excessive. An even faster rate is possible 
though hardly probable. 

The waves cut into the beach, and the cur¬ 
rent drags off the settling sand to drop along 
its path. A curving bar builds out from the 
shore. As time goes on the shape of the cir¬ 
culating current becomes more apparent. 
The bar grows higher and higher and may 
nearly reach the surface. Waves break 
across it, carrying sand, which may fill in the 
space between the bar and the shore. 

Look there! A blade of sedge grass. And 
there’s another. Soon the shallow lake is 
thick with grass. The waves no longer wash 
the shore; they cease to build, nor can they 
now destroy. The grass grows on, and other 


water-loving plants move in to keep it com¬ 
pany. Year after year the cast-off leaves 
accumulate to form a sodden mass of muck 
or peat. The lake no longer is a lake. It has 
become a bog or cypress swamp. In the 
parlance of the 4 ‘low country,” it is a bay. 

Thus, I imagine, were formed the oval 
sand rings in the Carolina bays. No cata¬ 
clysmic visitor from outer space, no comet 
in its headlong flight around the sun took 
part in their creation. Instead, they are the 
normal product of ordinary, everyday proc¬ 
esses of nature, working, to be sure, under 
unusually favorable and rare conditions. 
The steady, constant wind, the washing wave, 
the longshore current are the tools. The 
new-born plain, the shallow lagoons and 
lakes, and the plentiful, loose sand were the 
materials from which were molded the mys¬ 
terious racetracks. The mat of water plants 
is the protective barrier that shielded them 
from destruction. 

So, when you fly by night over Carolina 
bays, perhaps you will imagine that you 
catch the glint of waves in the moonlight. 
As you begin to doze off to sleep, perhaps you 
may even detect the nebulous form of 
Gyraea, gauzy garments fluttering in the 
breeze, whirling around an, oval racetrack in 
a Helix-shell chariot drawn by the prancing 
horses of Neptune. 


l 



THE PURDUE OPINION POLL FOR YOUNG PEOPLE 1 

By H. H. REMMERS 


The obvious weakness of government by opinion is 
(he difficulty of ascertaining it .— Jamks Bryce. 

Democracy needs accurate pulse-takers. Jt needs 
to check the whims, passions and vested interests of 
legislators and blackmailing pressure groups. Jt is 
possible that carefully conducted public opinion polls 
are the new and revolutionary technique in stream- 
lining our horse-and-buggy democracy. —Sterling 
North, Chicago Sun, July 2J, 1944. 

The Purdue Opinion Poll for Young* 
People is in some respects unique among* 
opinion polls, notably in the fact that “con¬ 
sumers” of the poll pay for it as a service. 
It has no income except that obtained from 
the sale of the poll to the high schools in 
which it is conducted. Such continuous 
“consumer research” is a sound investment, 
if we may judge from the reaction of school 
administrators representing* about 20,000 
youngsters polled in five midwestern states 
last year. In what follows 1 shall sketch the 
purposes of this poll, its origins, how it is 
carried on, its accomplishments to date, and 
some of its future possibilities both as a ser¬ 
vice to the citizens of tomorrow—the high- 
school youth—and to social science in im¬ 
proved, scientifically validated methodology 
and techniques. 

In the immediate prewar period and un¬ 
doubtedly in the postwar period all but a 
negligible fraction of our population of high- 
school age, for the first time in our history, 
were and will, again be in high school. They 
will be responsible for carrying on the busi¬ 
ness of life tomorrow! It is, therefore, of 
great practical importance to obtain if pos¬ 
sible a continuous inventory of their views 
on matters of common concern—government, 
education, economic enterprise 4 , and cultural 
aspirations and values. Such a record of 
the public opinion of tomorrow can obviously 
serve a number of highly important pur¬ 
poses : 

1. It can serve as a guide for evaluating 
the process of education in many of its im- 

1 Prom an address presented at the meeting of the 
Society for Social Research, University of Chicago, 
August 4, 1944. 


portant aspects so that ends and means of 
education in its broadest sense can be more 
effectively geared to each other. 

2. It can serve as a catalytic agent and 
revitalizing* force particularly in the social 
studies. 

3. To the extent that dependable trends 
are obtained, extrapolations of such trends 
will constitute the basis for effective plan¬ 
ning* for the future not only in education but 
also in government and social arrangements 
generally. 

4. It can serve as a vantage point from 
which to explore the origins of and the. fac¬ 
tors that change, make, and unmake atti¬ 
tudes, interests, wants, and needs of youth. 

5. It can serve as at least a starting point 
for more effective community integration- 
community here being thought of not merely 
as the face-to-face social relationships of a 
relatively small geographic area, but as the 
si ah 4 , region, nation, and ultimately the 
world community. 

(i, hi the present wartime program it may 
serve as an important part of the psychologi¬ 
cal front. 

7. It can make possible positive contribu¬ 
tions to social psychology with respect to con¬ 
tent, research methodology, and theory. 

Public-opinion polls, such as those of the 
American Institute of Public Opinion and 
Fortune- magazine and the previous polls of 
the Purdue Opinion Poll for Young People, 
have demonstrated the feasibility of validly 
polling the population with reference to im¬ 
portant issues on the basis of relatively small 
samplings of the total population. The area, 
of consumer research is rapidly demonstrat¬ 
ing the same thing. There is a growing 
recognition of the fact that these samplings 
yield important and worth-while results. 

When the surprisingly accurate election 
predictions of the Gallup Poll and of the 
Fortune Poll are recalled, based as these polls 
were in the 1940 presidential election 
on samples of 60,000 and 4,000 individuals, 
respectively, it will be seen that a sampling 
running to not more than three figures would 
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constitute a much greater proportion of the 
youth of high-school age in question than the 
GaUup Toll of 60,000 was of the national 
electorate. The sampling error of even a few 
hundred is very small—of the order of 0,5 to 
2.0 per cent. 

Now these high-school youths, being in 
school for eight and one-half to ten months 
of the year, are much more conveniently 
available than are adults for purposes o£ 
polling. With the co-operation of. high 
schools it is thus possible to obtain the re¬ 
quired responses quickly and easily. These 
responses can at once be forwarded to Pur¬ 
due University, where they can be immedi¬ 
ately analyzed and interpreted. 

In general the issues that are of widest and 
deepest common concern will be the objects 
of study. The responses to these issues will 
help educators and social scientists to know 
the climate of opinion in which our schools 
are operating. It is such attitudes of today's 
youth that will largely determine the course 
of the world of tomorrow. 

The rationale of the poll having been con^ 
ceived in this way, the first poll was financed 
without cost to the schools from the remnants 
of two research funds—one a grant for study 
of attitudes from the Josiah Macy, Jr,, Foun¬ 
dation, the other from a large mail-order and 
chain-store concern, which had provided a 
fund to study the attitudes of the public 
toward chain stores. 

For the first poll about 25 poll issues were 
selected by myself and my former assistant, 
R. L. Hobson. After running the gauntlet 
of the criticism of my seminar on the psy¬ 
chology of attitudes, these were administered 
to a carefully selected, controlled, or strati¬ 
fied sample of schools in terms of geographic 
distribution, political complexion of the com¬ 
munity in the last presidential election, size 
of high school, length of high-sehool term, 
and the urban-rural ratio. For the detailed 
working out of this sample I am indebted to 
Lt. Melvin Davidoff. 

The poll now has the services of an advis¬ 
ory committee composed of three “ elder 
statesmen" of the University. They are 
Graduate Dean E. C. Young; Professor H. 
L. Creek, head of the English Department; 
and Professor J. A. Estey, head of the De¬ 


partment of History and Economics. After 
the proposed poll items have been tentatively 
selected and criticized by my seminar, they 
are sent to this committee for evaluation and 
criticism with reference to (1) public-rela¬ 
tions implications, (2) importance of the 
item, and (3) possible ambiguities in phras¬ 
ing. 

On the anonymous poll sheet certain items 
of personal information are obtained: (1) 
place of residence; (2) sex, (3) political- 
party preference, (4) socio-economic status, 
and (5) grade of enrollment. 

The item of socio-economic status (“home 
environment") requires explanation. It 
consists of the seven most valid items of the 
Kerr-Remmers American Home Seale and 
asks whether the home possesses a fireplace, 
a vacuum cleaner, an electric or gas refriger¬ 
ator, a central heating system, an automobile, 
and a telephone and whether the family has 
had to accept relief or emergency work from 
the Government. A recent study based on 
home visitation, made by Gabriel Elias, 
graduate student at Purdue, independently 
validated these items as indicators of socio¬ 
economic status. The validity coefficient was 
of the order of 0.5, a value adequate for our 
purposes. Another bit of evidence consists 
in the fact that in such a school as Howe 
Military Academy all pupils without excep¬ 
tion fall in the “better home" category two¬ 
fold classification of socio-economic status 
which we adopt for purposes of tabulation. 

The results of the first poll were based on a 
sample of 4,300 high-school pupils in In¬ 
diana. A group of high-school principals 
and superintendents of schools engaged in a 
summer workshop at Purdue University were 
shown some of the results and asked whether 
they would be willing to pay for such a poll 
service out of school funds. Their reply was 
an emphatic “yes." 

Thus encouraged we worked out the de¬ 
tails of the program for a year's poll service 
(three polls), prepared the necessary promo¬ 
tional, descriptive material, and sent this to 
all high schools in Indiana, Illinois, Ken¬ 
tucky, and Michigan. In Ohio the Poll is 
operated for us by the State Department of 
Education chiefly through the interest in the 
venture by Dr. Ray Wood. As already in- 
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dicated, in these five states the last poll 
(1943-1944) was subscribed for for 20,000 
pupils, a gain of nearly 700 per cent in one 
year. 

Each school records its own results on 
tabulation sheets with required breakdowns, 
which we provide, and sends a copy to me. 
We combine the results under the appropri¬ 
ate headings and write an interpretative re¬ 
port, which is furnished each of the partici¬ 
pating schools within about three weeks after 
the date of the poll. The schools then make 


the issues and poll results in service clubs and 
elsewhere. 

What evidence, if any, have we that the 
seven purposes of the popyp previously listed 
are being met? Perhaps one should say first 
of all that not too much should be expected 
of a baby only two years old—or, if as in 
China the gestation period is included in 
reckoning age, a three-year-old baby. To 
what extent the first two purposes are 
achieved (evaluation of education and its 



FIG. 1. RESULTS OF PURDUE POLLS ON FEDERAL SOCIALIZED MEDICINE 

PROPOSITION: “OUR GOVERNMENT SHOULD ESTABLISH A PERMANENT SYSTEM OF PROVIDING MEDICAL SERVICE 
FOR ALL , 9 9 RELATIVELY HIGH CONSTANCY IN OPINION INDICATED FOR THE THREE DIFFERENT POLLS RECORDED, 


such instructional or other uses of these re¬ 
sults and their retained local tabulation as 
suit their purposes. Most frequently, I have 
reason to believe, they have been used in 
classes on current events or current problems 
or other social-studies classes. But other 
uses are made of the results. In at least one 
Illinois community the poll served as a stimu¬ 
lus to the principal to poll the entire adult 
community, and there followed discussion of 


vitalization particularly in the social-studies 
area) must be largely determined for the 
present from testimony of the teachers. 
Such testimony has been sent me by a num¬ 
ber of teachers and administrators, but it is 
too lengthy to be detailed here. 

Perhaps an appeal to the 1 ‘face validity” 
(to use the jargon of test technicians) of the 
items would also be persuasive. For exam¬ 
ple, nearly three-fourths of the youngsters 
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agree to the proposition that “Most high- 
school students would like to discuss their 
personal problems with a sympathetic adult 
who would tell no one,” but relatively few 
schools provide on their staffs professionally 
trained counselors. About the same propor¬ 
tion agree with the proposition that “Our 
Government should establish a permanent 
system of providing medical services for all/ ’ 
but only 50 per cent believe that “The age 
requirement for voting should be lowered 
from 21 to 18. ” Only 21 per cent agree 
with the proposition that ‘ 4 Relief and char¬ 
ity should be provided by personal contribu¬ 
tions instead of by taxation.” That these 
and similar questions constitute vital educa¬ 
tional problems would be denied only by 
those fundamentalists in education who 
would restrict the functions of education to 
the three K’s. 

The achievement of the third purpose, that 
of determining shifts or trends in youths’ 
opinions and attitudes, has some clear-cut 
evidence to support it. Our procedure for 
obtaining data has for the present settled 
down to having about one-fifth of the items 
on any one poll repeat items. For example, 
Figure 1 shows a relatively high constancy 
in the attitude toward federally sponsored 
socialised medicine on three different polls— 
March 1942, March 1943, and January 1944. 
A similar constancy holds for the attitude in 
two polls on military training after the war, 
as shown in Figure 2, and only slightly more 
fluctuation toward President Roosevelt’s can¬ 
didacy for a fourth term (Fig. 3). In Figure 
3 there is also indicated a significant decrease 
in uncertainty over the period of a year 
(April 1943 to March 1944), with a somewhat 
corresponding gain in the anti-group. Is¬ 
sues that illustrate decided shifts in atti¬ 
tudes, on the other hand, are illustrated in 
Figures 4, 5, and 6, relating respectively to 
equal opportunities for Negroes and whites, 
desirability for postwar planning before win¬ 
ning the war, and the desirability of a world 
government. The decrease in racial toler¬ 
ance during the period and the increased 
approval of postwar planning in the general 
population could be corroborated from a 
number of different sources. The rather 
sharp upturn in approval of a world govern- 
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FIG. 2. MILITARY-TRAINING POLL 


PROPOSITION: “SOME MILITARY TRAINING OF ALL 
ABLE-BODIED YOUNG MEN SHOULD BE CONTINUED 
AFTER THE WAR” (ALSO PUT IN QUESTION FORM). 


ment is undoubtedly related to school study, 
the press, and radio discussion of the issue. 

The fourth purpose, to contribute to an 
understanding of the origins and growth of 
attitudes, already has the benefit of an exten¬ 
sive literature, which is steadily growing not 
only in quantity but also in its scientific 
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EIGk 3. EOURTH-TERM POLL 

PROPOSITION: “IF PEACE HAS NOT BEEN CONCLUDED 
BY 1944, PRESIDENT ROOSEVELT SHOULD RUN FOR 
A FOURTH TERM” (ALSO PUT IN QUESTION FORM). 
ONLY SLIGHT FLUCTUATION IN OPINION INDICATED. 
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PIG. 4. RACE-EQUALITY POLL 

PROPOSITION: “IF PEACE HAS NOT BEEN CONCLUDED 
ENTER TRAINED OCCUPATIONS ON THE SAME BASIS AS 
WHITE PEOPLE . f 3 DECIDED FLUCTUATION INDICATED. 

rigor and dependability. Although in an¬ 
other series of studies (published in 1938 in 
Public Opinion Quarterly ), my students and 
I have explored this area relative to the 
secondary schools, we have hardly made a 
beginning so far as the popyp is concerned. 
These earlier studies of ours, however, and 
those of others provide a background and a 
springboard for new advances. 

The fifth and sixth purposes—improve¬ 
ment of individual and community morale— 
must at present for their implementation 
rest upon hope rather than scientific evidence 
of their achievement. In a very real sense 
the use and application of poll results to the 
end of greater community morale is the most 
general and most crucial of the purposes to 
be served by the poll. Our society, locally, 
nationally, and internationally, has focal in¬ 
fection points of potential and actual ten¬ 
sions with reference to a number of well- 
known sets of values. Race, religion, and 
riches, as President E. C. Elliott has phrased 
it—these are the three R*s to which educa¬ 
tion in its broadest sense must give increas¬ 
ingly rational attention. Riots, strikes, and 
political and economic discrimination are 
phenomena too well known to require de¬ 
scription here. They consist psychologically 


of conflicts in attitude patterns. Here and 
there individual teachers and schools are at¬ 
tacking these problems by measuring the 
existing attitudes, providing instruction de¬ 
signed to change them in socially desirable 
directions, and remeasuring after such in¬ 
struction in order to evaluate the procedure. 
I am not sufficiently optimistic to predict 
beyond doubt that we shall succeed in reduc¬ 
ing such tensions to harmless proportions. 
There is, however, ample basis in both need 
and prospective success to warrant the at¬ 
tempt. 

Finally, a study of the six polls thus far 
held on nearly a hundred different issues 
already leads to certain generalizations that 
contribute to content, methodology, and the¬ 
ory of social psychology. By way of ex¬ 
ample: Attitude patterns of rural and urban 
youngsters are more impressive because of 
their similarities than of their differences; 
the expressed uncertainties of ninth and 
tenth graders are significantly greater than 
those of eleventh and twelfth graders; 
youngsters from the better-home environ¬ 
ment tend to be more liberal than those from 
the poorer-home environment—uni ess th e 
issue presents what they interpret as a threat 
to their economic status; fallacious beliefs 
on “racial” biology are widespread and in 



PIG. 5. POLL ON POSTWAR PLANNING 
proposition: “we should win the war before 

PLANNING DEFINITELY FOR THE POSTWAR WORLD “ 
(ALSO PUT IN QUESTION FORM). DECIDED SHIFTS. 
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the Midwest, at least, tend to increase in fre¬ 
quency of occurrence with increase in grade 
and age; a balanced question form is better 
than a declarative sentence in stating a poll 
issue; and so on. 

The necessary statistical analysis required 
in interpreting the polls has already led to 
one mathematical paper, by I. W. Burr and 
R. L. Hobson, on the easy nomographic 
solution of the problem of significance of 
differences of proportions with a constant N 
(published in May 1943 in the Journal of 
Educational Psychology) . As already stated, 
the index of socio-economic status used in the 
poll has been independently validated. 

These and other positive achievements have 
been possible without any substantial finan- 


If the usefulness of the poll is accepted 
as fact, it follows that its extension, possibly 
to a nation-wide basis, becomes desirable. 
On the basis of our experience thus far, par¬ 
ticularly in Ohio, I am convinced that this 
will be most effectively brought about by 
working with and through state educational 
agencies—state departments of education, 
universities, or possibly in some states such 
professional groups as associations of high- 
school principals. This requires expendi¬ 
tures for travel, correspondence, telephone, 
and telegraph. It is not unreasonable to 
suppose that this extension could be accom¬ 
plished within a year or less. 

For purposes of discussion I have sub¬ 
sumed contemplated research under two 
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FIG. 6. POLL ON WORLD GOVERNMENT 

PROPOSITION: “TIIE PEACE TREATY AT THE CLOSE OF THIS WAR SHOULD DISARM ALL NATIONS AND CREATE A 
GOVERNMENT OF THE WORLD WHICH IS STRONGER THAN THE UNITED STATES OR ANY OTHER NATION. * ? THE DEFI¬ 
NITE UPTURN IN APPROVAL WAS PROBABLY DUE TO SCHOOL, PRESS, AND RADIO DISCUSSION OF THE QUESTION. 


cial assistance apart from the income from 
the sale of the service. Extension of the 
service and especially the research upon 
which to establish applications of the poll 
more firmly and to extend our understand¬ 
ing of the creature whose biological classifi¬ 
cation should emphasize that he is homo 
patiens as well as homo sapiens will require 
more support than this income provides. 
Some further financial aid, I am glad to re¬ 
port, is already assured. 


general headings: methodological and social- 
psychological. These cannot, of course, be 
sharply separated. They are related in gen¬ 
eral as means and proximate ends. Follow¬ 
ing are some of the methodological problems 
worthy of attention: 

1. Anonymous paper-and-pencil polling vs . 
interview polling . In the first published 
paper giving the general rationale of the 
popyp I pointed out that a methodological 
study needed to be made “to determine any 
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systematic variations as between interview 
results and classroom inventory results.’ ’ In 
a recent visit to governmental agencies in 
Washington engaged in important attitude 
survey work on both the war front and the 
home front I found sharply divided opinions 
as to the validity of these two techniques in 
the study of attitudes and opinions. Their 
polling techniques varied accordingly, and 
there must have been a correspondingly 
sharp cost differential. Doubtless there is 
much to be said on both sides of the issue, 
but in the final analysis the quality of the 
pudding is determined by the empirical pro¬ 
cedure of eating it. The problem is obviously 
one amenable to experimental solution in 
which high hopes and deep convictions have 
no place as criterion measures. In the study 
of adult attitudes toward chain stores pre¬ 
viously referred to, three different mail- 
response techniques (i.e., paper-and-pencil) 
and the interview yielded no significant dif¬ 
ferences in results. They did differ very 
markedly in cost, however. (See articles by 
John W. Hancock and H. E. Geiger in the 
Journal of Applied Psychology for April 
1940 and December 1941, respectively.) The 
cost of an experimental investigation for the 
high-school population would be insignificant 
as compared to a single year’s expenditure 
on interviews carried out for similar pur¬ 
poses. 

2. Poll items. From the earliest experi¬ 
ment on the psychology of testimony to the 
most recent public-opinion poll there is much 
convincing evidence that the form and con¬ 
tent of items or questions are highly deter¬ 
minative of results obtained. What is the 
optimum form—declarative sentence, bal¬ 
anced questions, etc.—for a given popula¬ 
tion and for given purposes f In our fourth 
poll we carried out by means of a split- 
sample technique an experiment on this issue. 
The hypothesis often advanced that a posi¬ 
tive statement tends to elicit a response of 
agreement was not supported in this experi¬ 
ment. Such experimentation needs to be 
continued and extended as a safeguard to 
valid interpretation of results. 

As to content, poll items present the 
ubiquitous problem of semantics—frequently 
discussed under the heading of “loading” 


of items. The structuring not only of the 
attitudes in question but also of kindred 
attitudes as related to the wording of items, 
the introduction of contingencies, and the 
like will probably significantly affect re¬ 
sponses. These problems are open to ex¬ 
perimental attack. 

3. Reliability of measurement. As a “con¬ 
sumer” of considerable technical literature 
on social-psychological investigations I find 
myself too frequently irritated and frus¬ 
trated by the looseness of thinking and 
naivete of interpretation of coefficients of 
correlation. A coefficient of 0.50 may in 
truth be a perfect correlation when the un¬ 
reliability of the measurement is allowed 
for, and a coefficient of 0.80 may well fall 
far short of a true correlation of 1.00, again 
depending upon the reliability of the mea¬ 
surements. An imposing horror museum of 
examples could easily be established from 
the literature of the past ten years. 

Fortunately the interpretations of opinion- 
poll data, since they are typically concerned 
with averages and proportions, are in less 
hazard than are many other types of experi¬ 
ments and investigations where the charac¬ 
teristics of individuals are at issue. Never¬ 
theless, many of the problems I shall note 
later under social-psychological research are 
crucially affected by this issue, and the ex¬ 
perimental design will frequently have to be 
such as to provide reliability data. When¬ 
ever the problem concerns the true relation¬ 
ship between variables, the reliability must 
be known. This issue obviously applies to 
both paper-and-pencil and interview methods 
of polling. 

4. Polling by radio. An inquiry sent to a 
sampling of Indiana high schools recently 
revealed that a fairly large proportion of 
them have radios and do or could use them 
for classroom purposes. Testing the feasi¬ 
bility of polling by radio in co-operation with 
high schools is, therefore, an obvious and 
important experimental problem,, particu¬ 
larly since Purdue University has the broad¬ 
casting station WBAA, and a radio discus¬ 
sion program built around the popyp is now 
in operation. 

5. J Evaluation of the popyp. This obvi¬ 
ously presents problems of methodological 



THE PIJRDUE OPINION POLL 


299 


approach reaching all the way from collect¬ 
ing opinions concerning the value of opinions 
from pupils, teachers, parents, and possibly 
others, and their systematic study, to rigor¬ 
ously controlled experiments designed to 
measure behavior as related to expressed 
opinions and to changes in these opinions. 

Apart from answering the primary ques¬ 
tions of the what and how much of opinions, 
social-psychological research relative to the 
Purdue Opinion Poll for Young People for 
the most part embraces the interrelations of 
attitudes and the relations between them and 
other variables. Some of the more pertinent 
and practical ones are given below. 

1. Residence—urban vs. rural. Although 
there is persuasive evidence for the proposi¬ 
tion that, in general, the psychological dif¬ 
ferences between country and city have 
within recent decades greatly diminished, 
this diminution is not equally great in all 
areas—taken either geographically or figura¬ 
tively. Better psychological integration of 
country and city will result when we know 
the kinds of issues on which the differences 
are greatest and on which least. 

2. Sex. On matters of common concern, 
do our mores and public education produce 
different attitudes in the two sexes? Future 
research will have to discover what kind and 
how much. 

3. Political-party preference. The struc¬ 
turing of politically related attitudes is of 
both practical and theoretical importance in 
a democracy. 

4. Socio-economic status. Evidence has 
already been cited for the validity of our 
very convenient method of measuring this 
factor. Its relation to attitudes on attitude 
issues is likely to be of growing importance. 
It would be highly interesting, for example, 
to compare the results obtained in very ex¬ 
clusive eastern preparatory schools with 
those obtained in public schols and particu¬ 
larly in both city and rural slum areas. 
Serious social-psychological tensions if de¬ 
tected here could be a warning and guide 
for therapeutic action. 

5. School grade. Our results give con¬ 
vincing evidence that pupils in the earlier 
high-school grades much more frequently 


mark issues as uncertain than do the juniors 
and seniors. The structuring, maturation, 
and growth of attitudes as affected by vari¬ 
ous factors obviously constitute an important 
and practical educational problem. 

6. Parents’ altitudes as related to chil¬ 
dren’s attitudes. Accumulation of data 
under this heading would throw more light 
on the relative effect of home and other in¬ 
fluences upon pupil attitudes. 

7. Knowledge about issues polled. We 
have at present a study in progress designed 
to measure the relationship between racial 
attitudes and correct scientific information 
about races. This relationship between atti¬ 
tudes and knowledge is crucially important 
in many educational issues. When a social 
or abnormal psychologist talks about logic- 
tight compartments, the problem operation¬ 
ally defined is that of contradictory and logi¬ 
cally mutually exclusive attitudes. Through 
this approach, then, we should gain insight 
contributive to the understanding of person¬ 
ality. Not merely knowledge but also atti¬ 
tudes as affecting ability to reason about 
issues obviously may be concerned. 

8. Teachers’ attitudes. It is generally as¬ 
sumed that teachers 7 attitudes arc highly im¬ 
portant in influencing attitudes of their 
pupils. The care with which teachers of 
both secondary schools and colleges and uni¬ 
versities are chosen, particularly in the social 
studies, legislative enactments concerning 
things that teachers may or may not teach 
or discuss, the special loyalty oaths for teach¬ 
ers, of recent if not fond memory—all attest 
the validity of the assumption. The litera¬ 
ture reveals only three or four experiments 
designed to test the hypothesis, and the an¬ 
swers are by no means unambiguous. Here 
is obviously an excellent opportunity to 
throw a great deal of light upon a problem 
affecting important public policy. 

Teachers’ attitudes should be investigated 
not only as directly measured but also as 
estimated by pupils, and the degree of agree¬ 
ment between these two determined. 

9. Parents’ attitudes. What has just been 
said concerning teachers’ attitudes applies 
with equal propriety and force to parents’ 
attitudes. 

10. Other attitudes. Here the attitudes 
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toward some one area of society’s concern 
such as economics, education, minorities, re¬ 
ligion, and the like need to be studied in 
their relations to other such areas. In this 
sector we again approach the problems of 
the psychological integration of the indi¬ 
vidual personality, as well as that of groups. 
Only by knowing rather than making pos¬ 
sibly shrewd but probably often fallacious 
guesses concerning these matters can the 
process of education of the oncoming citi¬ 
zenry be validly guided. 

11. Evaluation of the curriculum. The 
organized materials, content, and procedures 
of the schools that we broadly call the cur¬ 
riculum need to be evaluated and validated 
with respect to their influence upon the atti¬ 
tudes that result from them. Public educa¬ 
tion, constituting as it does a system of social 
insurance, must be fundamentally concerned 
with the education of the emotions as it has 
never been before. Object lessons support¬ 
ing this proposition have been given us in 
the form of fanatical young Nazis brought 
up in the Hitler Jugend and the school cur¬ 
ricula of the Third Reich. For their educa¬ 
tion wc are paying in lives, wealth, and stark 
human tragedy on a scale almost beyond com¬ 
prehension. That even the lay public is 


coming to believe that the schools can do 
something about reducing racial tensions is 
attested by a recent very interesting letter 
of inquiry from a large industrial city’s edu¬ 
cational research bureau. It concerned the 
possibility of using the measuring devices 
developed by me and my students for mak¬ 
ing the teaching staff aware of existing racial 
tensions to the end of reducing them through 
systematic educational efforts. The inquiry 
was given special point because bloody race 
riots had recently occurred in the city. 

Concerning the first five items in the fore¬ 
going list the Purdue Poll has already yielded 
muck valuable information. Further analy¬ 
sis needs to, and I hope will, be made. Other 
of the various research areas indicated we 
shall tackle as means, opportunity, and, to 
some extent at least, interested graduate 
students are available. I am not, I trust, 
possessed of any delusion that the mere mea¬ 
surement of attitudes and opinions is a 
panacea for the social tensions from which 
we suffer. But I do assert that unless we 
are able to take frequent bearings with ref¬ 
erence to these problems we can have little 
assurance that the ship of society is sailing 
in the direction of whatever proximal or 
ultimate destinations it may set for Itself. 


l 



THE CHALLENGE OF SCIENTIFIC RUSSIAN 

By JACOB CHAITKIN 


The scientific advances of the Soviets 
within the past two decades have aroused 
almost as much interest as their victories on 
the field of battle. Doubtless the two types 
of achievement are interrelated. What 
should interest us, however, is that, while 
the techniques of the Soviet military machine 
are military secrets, no mystery shrouds 
Russian science. Vice President Wallace, in 
the radio speech delivered on his return from 
East Asia (the “Pacific Era” speech), re¬ 
ported the eagerness of the Soviet scientists 
to co-operate with their American colleagues. 
The lively and fruitful exchange of scientific 
information between the U. S. Army Air 
Forces and the Soviets in the field of meteor¬ 
ology (Time, June 5, 1944, p. 92) is concrete 
evidence of this eagerness. Equally signifi¬ 
cant is the testimony of Eric Johnston, presi¬ 
dent of the United States Chamber of Com¬ 
merce, regarding the Russians' admiration 
of American industrial techniques and the 
Soviet Government's expressed intention of 
developing trade relations with America 
after the war. 

The only cloak of mystery that envelops 
Soviet science is that of the Russian lan¬ 
guage. Is this language a true barrier, or 
is it merely a psychological obstacle that we 
ourselves have conjured up? 

The Russians do not permit language to 
form a similar obstacle in their study of our 
scientific work. English is taught widely in 
the schools of the U.S.S.R. and is treated as 
second in importance only to the native lan¬ 
guages of that country. There is no psycho¬ 
logical barrier in the Soviets' attitude toward 
the study of English. Perhaps we may put 
it this way: English is studied by many 
Russians because there it is considered easy; 
Russian is studied by few Americans because 
here it is considered difficult. 

Let us concede at once that with regard 
to conversational and literary Russian the 
popular American attitude is amply justified. 
Not only is the Russian alphabet a bewilder¬ 
ing experience for the average American, 
not only is Russian grammar strange and 


complicated, but also the Russian idioms are 
so numerous as to impose a staggering load 
on the average memory. After you have 
patiently learned to say, “I have a book,” 
in Russian, having mastered the first person 
singular, present tense, of the verb meaning 
to have, and the form of the accusative for 
the feminine noun meaning book, you are 
told that the common Russian idiom disre¬ 
gards all this (in this particular connotation 
only) and uses an expression that literally 
translated means “by me there is a book,” 
with the personal pronoun in the genitive 
form, booh in the nominative, and is often 
omitted entirely. There is no doubt that 
proficiency in the use of Russian as a medium 
of conversation or writing can be attained 
only by long practice and study, prefer¬ 
ably on the soil of the R.S.F.S.R. (the Rus¬ 
sian Autonomous Republic). 

Learning to read and understand Russian 
scientific writing is an entirely different mat¬ 
ter. Many of the factors that make conver¬ 
sational and literary Russian so forbidding 
are absent in scientific Russian, and an im¬ 
pressive number of new factors, inherent in 
Russian scientific writing, come to the aid of 
the reader. In view of an impending era of 
Soviet-American scientific co-operation, these 
factors are worth examining. If scientific 
Russian can be mastered with relative ease, 
the American scientist may find that the 
Russian language is not a barrier but a 
sesame to the treasure house of Russian 
science. 

I 

The study of Russian begins with the 
alphabet, which is highly phonetic. Any 
Russian text may be read and pronounced 
with a fair degree of accuracy when one has 
mastered the meanings of the thirty-two sym¬ 
bols that compose the alphabet. With a few 
exceptions each letter stands for one sound 
and that sound only: if the English alphabet 
were based on this principle we should prob¬ 
ably have fifty letters instead of twenty-six. 
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What makes the Russian alphabet confus¬ 
ing to the average student are the nine letters 
derived from the Greek. Needless to say, 
they are as familiar to the American scientist 
as the Latin letters of our own alphabet. 

The gamma, pi, rho, phi, and chi are rep¬ 
resented in the Eussian alphabet by F, II, P, 
3>, and X. The first four have exactly the 
same value as the English g, p, r, and /, 
respectively, except that the g is always hard, 
as in game; never soft, as in gem. The Rus¬ 
sian X is pronounced like the German ch 
or the Scotch ch in loch. 

The lambda A in Greek, appears in Rus¬ 
sian as Jl and corresponds to our L. The 
Greek delta, A, becomes the somewhat 
changed but still recognizable $ and is pro¬ 
nounced like our d. The Russian y is derived 
from the Greek upsilon, y, and is pronounced 
oo, as in tool or look. Finally, the Greek 
iota, I, is represented in Eussian by a double 
iota, H, and is pronounced like the English 
ee (double e). 

It is patent that these letters hold no terror 
for the average scientist. In particular, he 
will not share the lay student’s confusion as 
to the Eussian forms of rho and upsilon, 
which are so frequently misread as the En¬ 
glish p and y . 

The rest of the Russian alphabet is fairly 
simple. The letters K, M, and T are pro¬ 
nounced exactly as in English and are 
formed like the English capitals of these let¬ 
ters. A, the first letter of the Russian alpha¬ 
bet, is our broad A (as in father ), ie., like 
the A in every western language except 
English. In the lower case it is also formed 
like our lower-case a. The vowel 0 corre¬ 
sponds to the English 0, except that it is 
pronounced like the o in lord (aw), never as 
in so. Our 8 is represented in Russian by 0. 
Of course, we ourselves use C for the 8 sound 
as often as we do 8. The only thing to re¬ 
member about the Russian C is that it is 
never E. It is “ Cimplicity 7 9 itself. Our Z is 
both printed and written in Russian like our 
script z: 3. 

The Russian E is approximately like our e 
in such words as there and pen, but it is sub¬ 
ject to two additional phonetic rules: (1) at 
the beginning of a word or following a vowel 
it is pronounced like the letters ye in yes, and 
(2) following a consonant it “liquefies” or 


* * palatal izes 7 7 the consonant. Thus the word 
net will be read in Russian with the n sound¬ 
ing as in our word news; in let, the l will 
sound as in bullion; etc. 

Our b is represented in Russian by a sym¬ 
bol that looks like our lower-case b but has 
a small horizontal stroke to the right of the 
stem at the top, thus: B. In the lower case 
the stem becomes curved, thus; f). (All Rus¬ 
sian capitals have the same form as the lower¬ 
case letters, with the exception of A, B, and E, 
which are a, 0, and e, respectively.) 

The foregoing eight letters are either iden¬ 
tical with corresponding English letters or 
have common features that make learning 
easy. Two other letters are somewhat con¬ 
fusing but not necessarily so. They are the 
Russian symbols for our V and N. 

The Russians use B to denote V and H 
(our capital form only) to designate N. 
Even a most superficial knowledge of Span¬ 
ish makes it easy to remember the Russian 
symbol for our V, in view of the affinity 
between B and V in Spanish. Confusion 
between our II and the Russian N may be 
avoided by this simple memory aid: there 
is no II (aitch) in the Russian language. 
No h. Remember this, and substitute the N 
of the word No whenever you see what looks 
like II. 

Of the remaining twelve symbols, five rep¬ 
resent sibilant, or hissing, sounds. In Eng¬ 
lish these sounds are expressed by groups 
of letters. In Russian these combinations 
are so common that it was found convenient 
to devise special symbols for them. They are 
the letters 3K, III, T I, II(, and 

JK is usually transliterated in English as 
ZII. It is prononneed like the French J and 
is found in various disguises in such English 
words as treasure, azure, vision, illusion, and 
invasion. Ill is the English SB. The Eng¬ 
lish GII, as in Church, is the Russian E. The 
combination of the last two sounds, that is to 
say, the SH and the CII (as in the words 
ENGLISH CHURCH) is expressed by the 
symbol II(. Finally, the letter HJ is the 
equivalent of our is or tz (as in fits or Bitz ). 

There remain seven letters, all of which 
are concerned with the “palatalization 77 
characteristic of Russian speech. They are: 
R, K), 9, BI, L, T>, and H. 

Russian is a palatal or “liquid 77 language. 
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The ‘‘liquid’’ (for want of a better term) 
is the effect produced by raising the tongue 
toward the hard palate. Two of the vowels 
discussed above, the E and the H, automati¬ 
cally “liquefy’ 7 any consonant that they 
follow. (Thus, Lenin is pronounced with 
the L and the first n “soft’ 7 or “liquid”— 
the L as in bullion and the n as in new ). The 
two other vowels described above, A and Y, 
are so-called hard vowels but will be soft if 
written as II and 10, respectively. And, like 
E, these letters (R and 10) liquefy preceding 
consonants and are pronounced Yah and You 
when occurring at the beginning of a word 
or after another vowel. E, h, h, and io are 
the so-called soft vowels. 

The soft vowels have the same general 
phonetic value as the corresponding hard 
vowels, except that the soft vowels are formed 
in the forward portion of the oral cavity, 
with the tongue slightly raised, while the 
hard vowels are sounded in the rear and 
without the intervention of the tongue. A 
is the hard counterpart of R, and y of io. The 
E, which is soft, has as its hard mate the 
vowel o. Like E, the d sounds like the Eng¬ 
lish e in there or pet, but it has no palatal¬ 
izing effect and is never pronounced yeh . 
The rear vowel for the palatal H is the unique 
Russian M. The Russians conceive it as 
paralleling our short i in is or in, but it actu¬ 
ally sounds different. It may be produced 
by attempting to pronounce the German u 
or French u without pursing or moving 
one’s lips. 

The symbol b is known as ‘ ‘ the soft sign. ’ ’ 
It is used whenever it is desired to palatalize 
a consonant without following it by a soft 
vowel. The soft sign is mute, can only fol¬ 
low a consonant, and is used exclusively to 
produce the ‘ ‘ liquid. ” T> is called' ‘ ‘ the hard 
sign.” It is used to separate a consonant 
from a soft vowel and thus to neutralize the 
“liquid” effect of the soft vowel. This sym¬ 
bol is found rarely and is quite unimportant. 

The final symbol pertaining to palataliza¬ 
tion is the fi, which is used only after vowels 
and has the same value as our y in boy, for 
instance. 

II 

It is evident that the Russian alphabet 
presents no great difficulties for the English- 
speaking scientist. Eighteen letters are de¬ 


rived from the Latin and Greek. The re¬ 
maining fourteen must be learned as a new 
experience, but some of them are extremely 
efficient devices for the representation of 
phonetic sounds. Bernard Shaw has sug¬ 
gested that we may well emulate the Rus¬ 
sians by introducing similar devices into our 
own alphabet. The Russian symbol for 811, 
or some analogous symbol, would be particu¬ 
larly useful: English uses s for this sound 
in sure, ss in Russian, sh in English, ti in 
nation, sci in conscience, etc. 

But the Greek derivation of a large group 
of Russian letters is only one of the many 
factors that facilitate the study of scientific 
Russian for our scientists. A factor of even 
greater importance is the abundant use of 
international and technical terms in Russian 
scientific material. 

Not only are all mathematical, physical, 
chemical, and other formulas and equations 
in Russian scientific literature expressed in 
the international terras known to all scien¬ 
tists, but in addition the Russians are ex¬ 
tremely hospitable to foreign terms derived 
from the Latin, Greek, French, English, and 
so on. Foreign words are frequently intro¬ 
duced as neologisms into the Russian lan¬ 
guage via scientific papers and texts. This 
is particularly apt to happen when a subject 
has been developed in detail in a foreign 
language: the terminology referring to that 
subject will be taken over freely. There is 
little trace of nationalistic sentiment that 
would favor the use of indigenous Russian 
expressions (possibly the federal nature of 
the Soviet political system and the existence 
of scores of official languages within the 
Union has something to do with this). As 
a general rule, international terms, easily 
recognizable by American scientists, domi¬ 
nate Russian scientific writing. 

Here are some samples of expressions 
found on one page of a Russian paper deal¬ 
ing with physics of the air (the “soft sign” 
is represented by an apostrophe in this trans¬ 
literation) : 

Maksimal ’naya kontsentratsia ozona v atmosfere 

Produkty kondensatsii 

Gazovye molekuly 

Kubiclieskiye santimetry 

U1 'trafioletovaya radiatsia 

Radioaktivnost v troposfere 

Would any American physicist find it diffi- 
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cult to understand this language, even with¬ 
out consulting the dictionary for the mean¬ 
ing of v (which is the preposition in) 1 

Of the indigenous Russian words used in 
scientific and literary Russian alike, many 
have roots in common with western lan¬ 
guages. Words derived from such roots are 
easily retained in one’s memory after they 
have once been found in the dictionary. For 
example, the root of the Russian verb mat’, 
meaning to know, is, of course, related to the 
gn in the Latin cognoscere and the many 
English words associated with that root It 
is an easy matter to learn such Russian words 
as znaniye, meaning knowledge; usnat 9 , 
meaning to recognize; male, sign; znachit*, 
to signify; oboznacheniye, designation; 
znakomit*, to acquaint; etc. 

Not only do Russian roots often bear read¬ 
ily discernible similarities to corresponding 
western roots, but the mechanism of word 
formation is frequently similar to that in 
English. For example: the Russian verb 
meaning to place or pose is stavit’. The si a 
is, of course, related to the sta in the Latin 
siatuere. And, as in English, the word be¬ 
comes compose, sostmit*, when prefixed by 
the letters signifying with or cum; substitute 
or podstavit* when the prefix is the Russian 
preposition meaning under or sub; etc. 

Hunting for common roots is a fascinating 
business, and one that bears rich fruit. 
There are few roots indeed that cannot be 
tracked down to at least dimly recognizable 
common origins. The Russian verb meaning 
to divide is debit*; and, of course, one of the 
obsolete meanings of our English verb to deal 
is to divide or share. The Russian term for 
besides, except, in addition to, etc., strongly 
suggesting separation, is Jerome which is ap¬ 
parently related to the Greek hrinein, mean¬ 
ing to separate, and to such words as incre¬ 
ment (the purely coincidental cream is also 
a good memory aid), A wholly aboriginal 
Russian word for sum or aggregate is sovo- 
kupnost* from the root Imp, which is actually 
related to our coup in coupling. There is an 
apparent affinity between the Russian words 
for 1, 2, 3, and our one, two, three: odin, dva, 
tri. These examples could be multiplied in¬ 
definitely. 

The autochthonous Russian terms to be 


found in scientific prose without any visible 
affinity with western roots are comparatively 
few. Recourse to a Russian dictionary will 
not be necessary more often than in the ease 
of, say, German. 

Ill 

The English-speaking scientist will not 
find the Grecian letters of the Russian alpha¬ 
bet difficult, nor will he be particularly baf¬ 
fled by the meanings of most of the words. 
However, to understand the author’s mean¬ 
ing he must be able to recognize the gram¬ 
matical form of the words and their function 
with relation to the structure of the sentence. 
This brings us to the consideration of Rus¬ 
sian grammar and the third group of factors 
facilitating the reading of scientific Russian. 

As mentioned above, Russian grammar is 
an intricate affair and usually is the most 
formidable hurdle of all in the study of Rus¬ 
sian speech and literature. And here the 
reader of scientific Russian once more finds 
himself in a position of notable advantage. 

For one thing, he is not interested in using 
Russian as a medium of expression for him¬ 
self, but merely in learning the meaning of 
a Russian text. Since the general subject of 
that text is one with, which he is thoroughly 
familiar, he can often guess the meaning or 
trend of reasoning without appreciating the 
fine grammatical construction. 

One helpful factor of great value must be 
noted at the outset: scientific Russian is to 
a remarkable degree free from the idioms 
that defy grammar and make life so utterly 
miserable for students of conversational Rus¬ 
sian. Russian scientists as a rale write a 
straightforward prose, without frills and 
with perhaps less recourse to idiom than sci¬ 
entists of other countries. Simplicity of style 
has always been one of the fine traditions 
of Russian science; recently this tradition 
has been strengthened by the consciousness 
of the requirements of readers in the non- 
Russian portions of the Soviet Union. Free¬ 
dom from idiom is especially the rule in 
writings dealing with such subjects as engi¬ 
neering, physical sciences, mathematics, and 
medicine, where words refer to logical proc¬ 
esses, natural phenomena, experiments, and 
the like, and there is little occasion to use 
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quaint turns of phrase. A different picture 
may perhaps obtain in the social sciences, 
where words are frequently more than ve¬ 
hicles for precise ideas and may themselves 
strut on the stage and become subjects of 
heated debate. 

Remarkable opportunities for short cuts 
are presented to the reader of technological 
Russian in the study of the grammar itself. 

Russian grammar, like Latin, is essentially 
a system of typical endings. One ending will 
denote a plural, another a singular; one the 
subject of the sentence, another the direct 
object, still another an indirect object, etc. 
An ending may consist of a large number of 
letters, and to learn the correct use of the 
language as a tool of expression all the vari¬ 
ous combinations of letters composing the 
endings must be studied. However, in many 
cases the very last letter of the ending, or 
perhaps two letters, will typify the construc¬ 
tion of the word and give away the author’s 
meaning. The reader of technical material, 
need only remember these last letters. 

Again, if an ending has two variations, one 
of which is peculiar to one group of words 
and the other to another group, and if both 
variations connote the same meaning and 
function of the word, our scientist is not in 
the least interested in learning what par¬ 
ticular words require the first variation and 
what words the second. Thus an enormous 
amount of time and effort is saved. 

A good example of this short cut is found 
in connection with the two conjugations of 
the Russian verb, which form one of the 
veritable bogies of Russian grammar. A 
verb is said to belong either to the first con¬ 
jugation, and has one set of endings in the 
present tense, or to the second conjugation, 
which requires a different set. This varia¬ 
tion is the despair of students, since there is 
absolutely no way of knowing which verbs 
take one set of endings and which the other, 
i.e., whether a given verb belongs to the first 
or the second conjugation. To the scientific 
reader this is irrelevant. All he needs to 
know is that both endings refer to the same 
construction. 

As regards the verb it is altogether su¬ 
perfluous for our scientist to study the end¬ 
ings of the first or second person singular 


or of the second person plural. It is diffi¬ 
cult to imagine under what circumstances 
these forms would be employed in scientific 
prose; even in a foreword the personal note 
of acknowledgement, in Russian papers, is 
usually couched in terms of the third person ; 
“The author thanks, etc.” The only forms 
used in a scientific text are those of descrip¬ 
tion, third person singular and plural, to¬ 
gether with the occasional use of the first 
person plural: “We regard, point out, ex¬ 
amine, etc.” 

The endings of the future and present 
tenses are quite similar, there being other 
simple indicia for distinguishing the future 
from the present. The endings of the past 
tense are practically invariable. The imper¬ 
ative for the first person plural (“let us ex¬ 
amine, regard,” etc.) is identical with the 
form of the future tense, being distinguished 
only by the omission of the personal pronoun 
“we.” The subjunctive is identical with the 
past, except for the addition of a Russian 
equivalent for “would.” 

It follows that, with the Russian verb as 
a whole, the reader of scientific Russian need 
learn only about half as many variations of 
the ending as the student of speech. 

Nor does the advantage of our scientific 
student end at this point. Amazingly 
enough, he will experience little or no diffi¬ 
culty with that renowned stumbling block 
of Russian grammar, the irregular verb! 
This comes about in a curious fashion. Rus¬ 
sian verbs are a jungle-growth of irregulari¬ 
ties. Without rhyme or reason, the root of 
the verb exhibits so-called permutations or 
consonant changes in the midst of the con¬ 
jugation. A h in one grammatical form of 
the verb will change to a sh in another, zh 
may change to d, ch to t, and so on. Since 
only the infinitive is listed in the dictionary, 
this frequently makes it impossible to find 
the verb. But it so happens that in almost 
all cases the irregularity occurs only in the 
first person singular of the present (or fu¬ 
ture) tense. And, of course, that is the form 
that is practically never found in scientific 
prose. In all other forms the verb usually 
remains regular, i.e., the root is the same as 
that found in the infinitive and therefore in 
the dictionary. 
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In summing up it would be misleading to 
suggest that the study of scientific Russian 
is a “snap” undertaking; concentrated effort 
is required, and linguistic aptitude or ac¬ 
quaintance with other foreign languages is a 
highly desirable qualification. But the facts 
here presented demonstrate that the,problem 
is much simpler than is generally imagined. 

My own experience serves to confirm this 
conclusion. The length of time required to 
teach scientists to read Russian material in 
their own specialized field has been a fraction 
of that which elapsed before tangible results 
were obtained in “ordinary” Russian. Two 
or three lectures were required to teach the 
Russian alphabet and rudimentary rules of 
pronunciation to lay audiences (in accord¬ 
ance with the system suggested by me in 
Esquire, November, 1943), while one lecture 


sufficed to explain these matters to a special 
scientific group; and in both groups the stu¬ 
dents were equal tyros in Russian. But per¬ 
haps the best evidence in support of these 
views is the living example of a man who 
is the finest translator of scientific Russian I 
have ever met. He is employed by the War 
Department at the Pentagon Building. He 
docs not speak a word of Russian! 

Co-operation and friendship between this 
country and the U.S.S.R. are the indispen¬ 
sable prerequisites of lasting peace in the 
postwar world; nay, perhaps even of human 
survival on this planet. The scientists of 
the two countries are anxious to promote 
such friendship. It is comforting to know 
that language differences form no grave ob¬ 
stacle to any steps that our scientists may 
wish to take in this direction. 


ELECTRA 

A microgiant whose dendritic ends 

Like Franklin rods alive, discharge the skin 
Receptors, in specific range, to brain within, 

One sheathed cell electric signal sends . 

To gland or muscle mass the neurones climb 
In arcs direct of relayed as they start 
Nor one impulse from other set apart 
Save rate, or rhythm, amplitude or time. 

Enigma/—how without a preformed code 

This brain of trillion neurones came to know 
A sight from sound, from taste, from touch, from smell. 
Each signal bears no qualitative mode. 

Is thought built out of action while we grow? 

Are mind and action one, or can mind tell? 


—John G. Sinclair. 
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SCIENTIFIC AND INDUSTRIAL RESEARCH IN INDIA 

By V. S. SWAMINATHAN 


A small group of distinguished Indian 
scientists has recently visited the United 
States. They had a threefold object: (1) to 
cultivate fruitful contacts with scientific, in¬ 
dustrial, and agricultural organizations in 
America,* (2) to visit the leading universities 
to study how the nation's research labora¬ 
tories are equipped and staffed, and (3) to 
see for themselves the most important indus¬ 
trial plants. What is envisaged is intellec¬ 
tual co-operation on the highest level. Sci¬ 
ence reached India from the West, and many 
of her ablest workers received their training 
in European and, more recently, in Ameri¬ 
can centers of learning. The presence of the 
Indian Scientific Mission on the American 
soil focuses attention on the growth and 
present status of scientific and industrial 
research in India. 

In ancient and medieval times India was 
ahead of Europe in certain branches of 
science, notably astronomy, mathematics, and 
metallurgy. But until recently she lagged 
lamentably behind Western countries in the 
teaching of science and the fostering of re¬ 
search. Today, considering the paucity of 
private endowments for research and the 
meager provisions made by the State for 
science teaching and specialist services, the 
output of original work from a number of 
India's eighteen universities and other in¬ 
dependent institutions compares not unfavor¬ 
ably with that in the West. 

The organization and progress of modern 
scientific studies and research in India falls 
into four fairly well-defined stages. The 
foundation in 1784 of the Asiatic Society of 
Bengal (ASB)—parent of all the Asiatic 
societies extant—forms a landmark in the 
history of arts and science in India. The 
objects of the ASB are to inquire into the 
history, civil and natural, the antiquities, 
arts, sciences, and literature of Asia. Among 
its early patrons were Warren Hastings and 
Cornwallis, The ASB has a long and bril¬ 
liant record of achievement to its credit. On 
the scientific side alone its “ Asiatic Re¬ 
searches" and “Journal"' contain the result 


of the researches of Archdeacon Pratt on 
geodesy; Lambton of the Indian Survey De¬ 
partment; Voysey, “father of Indian geol¬ 
ogy"; Thomas Oldham, virtual founder of 
the Geological Survey of India; Falconer and 
Cantley, on the rich mammalian fossil fauna 
of the Siwalik Hills; Hodgson, on the birds 
and mammals of Nepal, Sikkim, and Tibet ; 
Schwendler, one of the founders of the Cal¬ 
cutta Zoo; Roxburgh, “Linnaeus of Indian 
Botany"; and Colonel Dalton, on Indian 
ethnology. 

The ASB is the parent and sponsor of 
many of the nation's learned societies and 
Government scientific departments. Its col¬ 
lections form the nucleus of the well-known 
Calcutta Museum. The Indian Zoological 
Survey is one of its offshoots. Above all, it 
organized and sustained during infancy the 
Indian Science Congress Association (mod¬ 
eled on the British Association for the Ad¬ 
vancement of Science) and published the 
annual volume of “Proceedings" of the Con¬ 
gress meetings. 

Early during the 'fifties of the last cen¬ 
tury the Universities of Calcutta, Bombay, 
and Madras were founded, and specialist 
science departments were instituted by the 
Indian Government from time to time. To¬ 
day, India has eighteen universities, many 
of whose constituent colleges have science 
faculties with facilities—fair to excellent— 
for post-graduate research. The Survey of 
India might well be regarded as dating from 
1767 when Clive appointed Major James 
Rennel as the Surveyor-General of Bengal. 
The Geological Survey was created in 1851, 
the Meteorological Department, and the Bo¬ 
tanical and Zoological Surveys followed later. 

Even so, the position of scientific teaching 
and research was unsatisfactory at the be¬ 
ginning of the current century for several 
reasons. Virtually all progress was due to 
official agencies and Europeans, and Indians 
doing original work were rare. As late as 
1914 the bias was in favor of literary educa¬ 
tion to the detriment of science studies. 
India had no large-scale industries worth 
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mentioning, excepting cotton and jute and 
coal mines. The late Sir Francis Spring, 
referring to the country’s river problems 
wrote.- ‘ 4 More money has been wasted, for 
want of just such knowledge as a River Com¬ 
mission might provide, than would have suf¬ 
ficed to pay the entire cost of it many times 
over.’ 7 

Only in 1917 was the Tata iron and steel 
works, thanks to American skill and machin¬ 
ery, in a position to make a real contribution 
towards World War I. The Indian Indus¬ 
trial Commission presided over by Sir Thomas 
Hgpand directed attention both to the de¬ 
sirability and necessity of establishing a 
system of organized research if Indian indus¬ 
tries were to be adequately developed. In 
the years immediately following the last war 
little notice was taken of these recommenda¬ 
tions. The only effect of the depression of 
the early ’thirties was that appropriations 
for the various science services and the For¬ 
est Research Institute, at Dehra Dun, were 
drastically reduced and many valuable 
schemes were shelved. It was not realized 
then that the main hope of recovery from 
the depression lay not in less, but in more, 
intensive research. 

In 1930, however, the United Provinces 
Academy of Sciences was founded, largely 
due to the efforts of Professor M. N. Saha, 
F.R.S., the eminent astrophysicist, for the 
purpose of stimulating the spirit of research 
in the Allahabad, Lucknow, Benares, and 
Aligarh Universities. A similar service was 
done to South Indian universities when, 
under the lead of Sir C. V. Raman, F.R.S., 
and a Nobel Prize Winner, the Indian Acad¬ 
emy of Sciences was established at Banga¬ 
lore. In 1935, Sir John Anderson, then Gov¬ 
ernor of Bengal, inaugurated the National 
Institute of Science of India to promote 
scientific knowledge and serve as a national 
research council for prosecuting work of 
national and international importance. In 
1937, the late Lord Rutherford in his presi¬ 
dential address, which he had prepared for 
the Silver Jubilee session of the Indian 
Science Congress, emphasized how greatly 
India would benefit by the formation of an 
organization like the Department of Scien¬ 
tific and Industrial Research (DSIR) in 


Britain. The present war provided the 
necessary stimulus, and in April, 1940, the 
Board and Council of Scientific and Indus¬ 
trial Research was set up by the Central Gov¬ 
ernment. Sir Shanti Rhatnagar, F.R.S., 
India’s short and dynamic physical chemist, 
was appointed its first director. 

Private endowments for research in India 
have been few and far between. The Indian 
Institute of Science, with unrivaled facili¬ 
ties for advanced research in various 
branches of chemistry, physics, and engineer¬ 
ing technology, owes its inception to the gen¬ 
erosity of India’s pioneer Parsi industrialist, 
Sir J. N. Tata. The National Chemical Labo¬ 
ratory at Poona is another virtual creation 
of Messrs. Tata and Sons, Ltd., who made a 
gift of $240,000 towards its construction, 
equipment, and upkeep. Handsome legacies 
left by Sir T. N. Palit and Sir R. B. Ghosh 
greatly benefited the University College of 
Science, Calcutta. Likewise, the technology 
section of the Andhra University is indebted 
to the munificence of Rao Bahadur I). Lux- 
ininarayan. The oil technology department 
at Lahore received great hplp from Messrs. 
Steel Bros. 

Government- or State-aided departments, 
like the Imperial Council ol; Agricultural 
Research, the Ind ian .Research Fund Associa¬ 
tion with its Nutrition Laboratory at Con oar, 
the Indian Cotton, Lac, and Jute Commit¬ 
tees, the Central Bureau of Irrigation, the 
Irrigation and Hydro-dynamic Research Sta¬ 
tion at Poona, and the Ordnance Department 
Laboratories are doing very valuable work. 
A sum of $682,000 has been allocated by the 
Government for the establishment of a chain 
of research laboratories by the Indian Coun¬ 
cil of Scientific and Industrial Research to 
which the Tatas are adding another $600,000. 
The Board of Scientific and Industrial Re¬ 
search functions mainly through a series of 
nineteen committees, their activities ranging 
from vegetable oils to radio research. Inves¬ 
tigations are carried out under the general 
control of the director in various university 
laboratories and at the Indian Institute of 
Science. Results are published in the Jour¬ 
nal of Scientific and Industrial Research 
issued by the Council. This body has the 
opportunity of carrying out planned indns- 
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trial research on the many problems of 
chemical and metallurgical industries under 
tropical conditions. The establishment of 
the I.C.I. (India) Ltd. is assurance that chem¬ 
ical industries will be established in India. 

The trend of scientific and, more espe¬ 
cially, industrial research in India must 
obviously vary from what it is in Europe, 
for it must be based on available domestic 
resources and adapted to local conditions. 
India’s endowment of minerals and metals 
is uneven. She has virtually inexhaustible 
iron ores (rich, high grade hematite and 
magnetite) and large reserves of the two 
tonnage ferro-alloying elements, manganese 
and chrome, as well as refractories like mag¬ 
nesite, dolomite, kyanite, and clay. But the 
reserves of coal, especially of coking quality, 
are strictly limited and have, moreover, a 
restricted geographical distribution. Thus 
the important provinces of Bombay, Madras, 
and Punjab lack this solid fuel. Hydroelec¬ 
tric development, though it has made rapid 
headway since the last war, is still in its in¬ 
fancy. The expert advice of the designing 
and planning authority of the T.V.A. scheme 
should give an impetus to India’s power de¬ 
velopment. Oil from Assam and the Punjab 
is insufficient to meet the nation’s needs. 

Turning to base metals, India virtually 
lacks lead, zinc, and tin and is deficient in cop¬ 
per. There are, however, bright prospects for 
the light metals industry. The country has 
abundant salt, some potash and sulphur. In 
short, synthetic chemical industry in India 
must be based on different raw materials— 
say, oil in the Punjab and Assam; coal and 
limestone (calcium carbide and acetylene) in 
Bengal, Bihar, and Central India; sugar and 
molasses (alcohol, acetone, butanone, citric 
and gluconic acids) in the United Provinces 
and parts of Madras and Bombay; and cel¬ 
lulose. An Indian chemical industry based 
on oil, sugar, cellulose, etc., and water-power 
may, in the long pull, prove far more eco¬ 
nomical than the one based on coal tar. 
Many of the industries contemplated by the 
authors of the “Bombay Plan,” as well as 
by the Government of India, depend on the 
development of electricity. Manufacture of 
electrical equipment and radio parts offers a 
vast and fertile field of opportunity. 


Early in 1944, following the interruption 
of intellectual contacts by the war, the Royal 
Society of England took the unprecedented 
step of sending out Professor A. V. Hill, 
E.R.S., to convene one of its meetings in 
Delhi. As an index of the progress made 
by, and contributions of, Indians in the scien¬ 
tific field, nine have been elected fellows of 
the Royal Society: S. Ramanujan—mathe¬ 
matics; Sir J. C. Bose—botany; Sir C. V. 
Raman—physics; K. S. Krishnan—physics; 
Saha, Bhaba, and Chandra-sekhar—astro¬ 
physics; B. Sahni—botany; and Sir S. Bhak- 
nagar—chemistry; and one had won the 
Nobel Prize. As a result of his Indian visit 
Professor Hill summarized India’s four 
“musts” thus: (1) strengthening and ex¬ 
tending the application of biology to agricul¬ 
ture, forestry, fisheries, pest control, animal 
and plant diseases, and public health; (2) 
better facilities for teaching and research in 
physics, chemistry, engineering, and metal¬ 
lurgy; (3) more accurate and comprehensive 
information on India’s natural resources— 
minerals, water power, useful plants and ani¬ 
mals, and labor and trained skills, and (4) 
more frequent opportunities enabling Indian 
workers to meet and exchange ideas with fel¬ 
low workers abroad. He is emphatic that an 
adequate endowment of the learned societies 
of India would do more for Indian science, 
and hence for India’s health and prosperity, 
than any comparable expenditure in other 
directions. 

Today India is one of the major backward 
areas of the globe. She suffers from mani¬ 
fold maladies. Educated Indians realize 
that the nation’s salvation must be sought 
through scientific and industrial research. 
The solution of the triangular complex of 
health, food, and population admits no delay. 
The nation’s health standard is still low, 
corresponding to a mortality rate (at every 
age up to 55) four to eight times that of the 
United Kingdom and the United States. 
The amount and quality of food available is 
so poor on the average that malnutrition is 
widespread. Despite these twin handicaps, 
population is increasing fifteen per thousand, 
or 6,000,000 yearly. In his address as retir¬ 
ing President of the American Association 
for the Advancement of Science last Septem- 
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ber, Dr. Isaiah Bowman declared that “tak¬ 
ing care of the huge surplus populations in 
lands like India and China, that now press 
on available means for livelihood, often to the 
actual starvation point, is an even more diffi¬ 
cult matter.” 

To break this vicious circle, a group of 
Bombay industrialists produced blueprints 
of a 15-year plan to double the per capita 
income of the nation. They were, no doubt, 
impressed with the rapid strides registered 
by Japan in the industrial field during the 
early decades of this century, and the indus¬ 
trialization of Asiatic Russia in the last 
fifteen years. The Indian Government itself 
is working on a 5-year plan as a first install¬ 
ment of economic and social development, 
and has added a new Planning Department 
to the Viceroy’s Executive Council. India 
would probably need to spend four billion 
dollars in securing capital equipment for her 
postwar industrial development. The report 
of the Indian Scientific Mission will have a 
vital bearing on the postwar economic prog¬ 
ress of the country—-the more so because it 
enjoys the confidence of the Indian public 
and the Government. Moreover, it has au¬ 
thority to place token orders for capital 
equipment in Britain and the United States. 


A chain of well-equipped national research 
laboratories on various brandies of pure and 
applied science, public health, and agricul¬ 
ture are abuildiug, as well as several addi¬ 
tional experimental stations and farms. 
Also, the Indian Government is considering 
the possibility of opening a central scientific 
office for mutual co-operation both in London 
and Washington. India is looking forward 
to an era after the war of progress in human 
welfare informed by science and inspired by 
research. 

If these aspirations are to be translated 
into action, greater sums must, in the first 
place, be spent both by the State and by pri¬ 
vate industry on promoting research, on 
equipment, and on personnel. The next step 
is to ensure that they are expended to the 
best advantage. The political climate must 
be one conducive to united action—in other 
words, things are accomplished more quickly 
and with less friction under a popular na¬ 
tional government. Lastly, in the economic 
development of the country as a whole, the 
Indian States cannot very well be omitted, 
since one can travel from Kashmir, in the 
extreme north, to Gape Comorin, at the south¬ 
ern tip, without virtually touching any 
of the British provinces. 


X 



SCIENCE ON THE MARCH 


ECOLOGICAL ASPECTS OF POPULATION 
BIOLOGY 

There lias been considerable research in¬ 
terest of recent years in a field which may be 
properly called the “biology of populations.” 
Attention has centered on the reactions of 
organisms considered as groups rather than 
as individuals, and findings of value are 
emerging. In addition to the demographers, 
who have long contributed significant data 
about the statistics of human populations, 
geneticists and ecologists have found this 
field productive. 

No one interested in science has any diffi¬ 
culty in appreciating why biologists study, 
say, cells and organisms. Population or 
group biology, however, is a younger field 
and as such its existence and significance is 
less well known. The population adds a level 
of complexity above that represented by the 
organism. Since it is composed of many or¬ 
ganisms, it seems to follow that a population 
has certain organismie attributes. In addi¬ 
tion, however, it has a series of unique fea¬ 
tures, which emerge because it is a group-unit 
reacting as a whole within its effective en¬ 
vironment. It is this latter phase that par¬ 
ticularly interests the student of population 
ecology. 

The integrating feature of population 
study is that these group attributes can be 
investigated and that, as the evidence ac¬ 
cumulates, it becomes apparent that there 
are many similarities of structure and re¬ 
sponse between all types of populations. 
There are of course differences also, and these 
provide interesting and instructive avenues 
for exploration. But it is the essential simi¬ 
larities that give the population concept a 
meaning and make possible biological gen¬ 
eralizations of considerable scope. 

In the same sense that the geneticist is con¬ 
cerned with the transmission, physiology, and 
biochemistry of genes and the cytologist with 
the morphology and physiology of cells, so 
is the population student concerned in final 
analysis with the statistical consequences of 
reproduction (natality), mortality, and dis¬ 
persion, and the pertinent environmental and 
genetic conditions that affect them. These 


are the factors that control population 
growth-trends.* Reproduction has the im¬ 
mediate potential effect of increasing group 
size; mortality, of decreasing it, and disper¬ 
sion can function in either direction depend¬ 
ing upon the form it takes. 

As populations are studied it is seen that 
the various interactions of mortality, natal¬ 
ity, and dispersion confer on the groups cer¬ 
tain relatively regular patterns of growth. 
To cite an example, it is known that the 
growth of many populations can be repre¬ 
sented by an s-shaped or sigmoid curve. The 
rate of growth is slow at first, increases rap¬ 
idly, and again slows down, as the upper 
limit or asymptote is approached. This type 
of population growth constitutes a general 
phenomenon and is a subject for investiga¬ 
tion, Progress has already been made in 
identifying the factors, functioning through 
natality, mortality, and sometimes dispersion, 
that produce this sigmoid growth curve. 

A cogent argument for the reality of the 
population as an independent unit is afforded 
by instances in which natural selection, 
through its operation at the group level, has 
so affected interacting populations that their 
adjustment to one another has become adap¬ 
tive and genetically fixed. In other words, 
under the influence of selective pressure the 
interacting species become (and have be¬ 
haved as) a unit. Reference need be made 
only to the example of mutualism provided 
by the wood-feeding roach Cryptocercus 
punctulatus and its flagellate symbiotes, in 
which the roach furnishes a complete micro¬ 
habitat for the protozoa while the latter pro¬ 
duce cellulose-digesting enzymes for the host. 
This interaction is accompanied by appro¬ 
priate physiological and morphological ad¬ 
justments on the part of both roach and 
flagellate. For the development of a phe¬ 
nomenon of co-operation of this type, it 
seems clear that the population must have 
been the unit of selection rather than the 

* As used here growth-trend refers to the entire 
course of a population’s development. Actually, cer¬ 
tain particular periods in the total life-history can he 
recognized: positive growth; equilibrium; oscillation; 
fluctuation; decline, and extinction. 
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individual organism. In short, this is a 
great experiment performed by evolution 
long before the biologist began to think about 
it. It shows that evolution ‘ ‘ recognized ’ ? the 
existence of the population unit and “took 
advantage of it” as something worth exploi¬ 
tation ! This same point can be made at the 
intra-species, as well as the inter-species, 
level. In malaria, for example, there is a 
well-marked population life-cycle with dif¬ 
ferent forms in different environments, each 
adapted to the needs of the whole population, 
the population being the obvious unit upon 
which selection acts. Much of the phenome¬ 
non of the dispersal of parasites depends on 
the existence of populations rather than of 
individuals. 

Numerous significant problems have en¬ 
gaged the attention of the population inves¬ 
tigator. Space does not permit their discus¬ 
sion, but it seems appropriate to list below 
certain of the more important ones as guides 
to what has been, and what is being, studied. 
These, excluding an important set of prob¬ 
lems that center in evolution and speeiation 
and which are best taken up in conjunction 
with genetic studies, are as follows: (1) De¬ 
scriptive, quantitative studies of population 
growth-form j (2) Analysis of population 
equilibrium; (3) The effect of various 
physical-chemical factors on population 
growth-form; (4) The problems of under¬ 
population, optimal population, and over¬ 
population; (5) Description and analysis of 
population cycles; (6) The problem of the 
optimal yield. (That is, to what extent can 
a population be exploited and still maintain 
itself f This is the problem underlying wild¬ 
life conservation.) (7) Analysis of group 
dispersion: immigration, emigration, and 
vagility; (8) Analysis of range and territory 
effects in natural populations; (9) Intra-spe¬ 
cies and inter-species competition; (10) The 
interaction of host and parasite populations; 
epidemiological aspects; (11) Analysis of 
social facilitation making use of population 
methods; (12) Improvements and extension 
of population census techniques; (13) The 
way factors interact to produce population 
integration. (This is the ultimate goal of 
population biology.) 

The ecological aspects of the population 
problem fall into two general practical cate¬ 


gories : studies of natural or field populations, 
and studies of laboratory or experimental 
populations. The former are concerned 
largely with analyses of population growth- 
trends and of the various factors that in¬ 
fluence the observed patterns of growth. 
Thus, censuses are taken of various groups 
to determine, as first approximations at least, 
their size, density, and distribution. This 
may be followed by a survey of those local 
conditions that appear to be correlated with 
the census findings. For example, various 
meteorological factors in the case of terres¬ 
trial populations, and various physical and 
chemical qualities of the medium in the case 
of aquatic populations, are frequently shown, 
either singly or in combination, to affect the 
course of population growth. The quality, 
quantity, and availability of food is also an¬ 
other factor typically studied. Biotic factors 
too come under survey, notable among which 
are observations on predation, parasitization 
in its epidemiological connotation, and a 
number of intra- and intcr-speeies competi¬ 
tions for such items as food, niches, mates, 
and so on. 

Recently many students of population have 
turned to experiments in the field. This, 
when feasible, has certain advantages over 
the correlation method mentioned above. It 
yields data that are frequently more precise 
and certainly more interpretable, as can be 
illustrated by an actual example. An inves¬ 
tigator was interested in certain forest-floor 
invertebrate populations of a characteristic 
Illinois farm woodland. He could have ac¬ 
quired not a little information about these 
by surveying the forms present; studying 
their natural history; estimating their abun¬ 
dance by quadrat sampling; recording the 
pertinent meteorological and biotic facts, and 
then fitting these items together to build up 
a story. This would constitute the conven¬ 
tional approach, and, if ably and comprehen¬ 
sively done by seasons for several years, 
would undoubtedly tell much about the popu¬ 
lation shifts as well as certain of the causal 
factors involved. 

However, instead of following the above 
procedure the investigator chose to conduct 
a field experiment. He defined his problem 
somewhat as follows: If many boards of a 
certain size are placed on the forest floor to 
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provide a large number of mierobabitats 
under specified conditions chosen in advance, 
what will be the faunal trends and major 
controlling factors that cause the species to 
move under, stay under, and move away from 
these boards? The advantage of this ap¬ 
proach is twofold: it limits the problem in 
terms of analysis without destroying its gen¬ 
erality, and it provides an experimental unit 
(the board) which can be manipulated ac¬ 
cording to a preconceived design. Of course, 
most of the basic data required for the con¬ 
ventional study are needed here, but, in 
addition, measurements of the micro-environ¬ 
ment of the board-floor interface are taken 
along with regularized census counts. Also, 
the boards can be moved to other areas with 
or without transplanting the populations and 
alternate boards can function as experimen¬ 
tal units while their neighbors function as 
controls. The results from such a program 
lend themselves admirably to statistical treat¬ 
ment, which further refines the conclusions 
and assists in spotting causal relationships. 
Field population studies such as this hold 
much promise and can be attempted for cer¬ 
tain aquatic as well as for terrestrial com¬ 
munities. They are not a substitute for con¬ 
ventional ecological surveys, but are rather 
analytical extensions of such surveys. The 
investigation just described actually yielded 
a number of points of interest, some of which 
probably would not have emerged had the 
project proceeded along usual channels. 

Experimental or laboratory population 
studies are grounded on the assumption that, 
since it is frequently quite difficult to assess 
population workings in nature, something 
can be gained when relatively simple popu¬ 
lation units are investigated in the labora¬ 
tory under controlled conditions. An objec¬ 
tion to this approach is that it may have a 
certain artificiality and, therefore, fail to 
contribute greatly to knowledge of field 
populations. A virtue is that the experimen¬ 
tal approach facilitates an analysis which 
usually has a precision and interpretive value 
not possible to date in field work. The an¬ 
swer is, patently, that the two types of in¬ 
vestigation complement each other, and even¬ 
tually will draw together rather than apart. 
Also, by careful choice of species, project, 


and experimental conditions, it is frequently 
possible to deal with problems in the labora¬ 
tory that are actually not artificial at all. 

The forms that have been most studied in 
the laboratory are yeasts; various free-living 
protozoa; insects, especially granary beetles, 
fruit flies, chalcid flies, and certain of the 
social hymenoptera and isoptera; and, among 
the vertebrates, chickens, wrens, mice, mon¬ 
keys, and apes. The problems most studied 
thus far have been, for populations of a single 
species, population growth-form, and the 
effect of population density on reproduction 
and mortality ; and, for populations of two or 
more species, competition between two spe¬ 
cies for a common niche and food supply, and 
host-parasite and predator-prey interactions. 

There is also an area of ecological popula¬ 
tion investigation which might be called the 
“theoretical approach.” This, although not 
yet far advanced, is promising. In simplest 
terms it is concerned with the setting up of 
basic postulates about group interactions; 
reasoning, usually in mathematical form, 
as to what happens when the postulates oper¬ 
ate in a particular situation, and, finally, 
testing the theoretical system by actual 
studies. 

It is hoped that the above comments will 
provide a brief survey of an area of biologi¬ 
cal research which is “on the march” and 
which is contributing something worthwhile 
to general biological theory.— Thomas Park, 
Department of Zoology, The University of 
Chicago. 

DIM OUT REVEALS SECRETS OF THE 
NEBULOUS ANDROMEDA 

While the allied armies with huge guns 
have been pushing back our enemies' fron¬ 
tiers in Europe and the Pacific, it has curi¬ 
ously happened that war restrictions have 
made it possible for astronomers to push back 
the frontiers of knowledge at 900,000 light 
years away. 

A report from the Mount Wilson Observa¬ 
tory, detailed in the September, 1944, issue of 
the Astrophysical Journal , informs astrono¬ 
mers that Dr. W. Baade, using the 100-inch 
telescope, has resolved the nucleus of the 
Andromeda nebula into individual stars. 
This was a task that presumably was await- 
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ing the completion of the war-delayed 200- 
inch mirror of Palomar. All this became pos¬ 
sible because of the dimout regulation that 
for months enshrouded Los Angeles and 
Hollywood in an unaccustomed pall of dark¬ 
ness. The absence of reflected light in the 
darkened California skies was reminiscent of 
the early days when Hale first established 
the Mount Wilson Observatory, and Los 
Angeles was but a growing town, while Holly¬ 
wood had not yet scintillated with the stars 
of the motion picture world. 

The darkened sky made possible prolonged 
exposure times, but this was not the whole 
story. Rapid advances in photographic 
plates made sensitive to red light, combined 
with a red filter in front of the plate, made 
possible further diminution of scattered 
light by which the ordinary blue-sensitive 
photographic plate is so easily fogged on pro¬ 
longed exposure. 

Another element contributing to the suc¬ 
cess of this remarkable discovery is to be 
found in the character of the stars them¬ 
selves. Contrary to results obtained in some 
of the other external galaxies, the stars in 
the nucleus of the Andromeda nebula appear 
predominately red, as is evidenced from the 
results of Baade's research. The ability to 
photograph these stars at all means that the 
astronomers have been able to push the limit¬ 
ing magnitude of the 100-inch telescope one 
step further down the scale than has been 
thought possible. Heretofore stars of magni¬ 
tude 21 have been the obtainable limit, 
whereas the present investigation has re¬ 
vealed stars two and one-half times fainter, 
or of magnitude 22. 


The actual light band utilized in recording 
these individual stars was that of the narrow 
spectral region lying between 6300 and 6700 
angstroms, as the spectroscopist would ex¬ 
press it. The exposures were actually made 
on ammoniated Eastman 103E plates with 
the Shott RG2 filter to screen out the shorter 
wave lengths. 

To arrive at some idea of the actual lumi¬ 
nosity of these stars, it is necessary to ex¬ 
press them in terms of absolute magnitude. 
This is the magnitude that a star would have 
if its distance were only 32.5 light years 
away. Our sun on this basis would be a star 
with an absolute magnitude of but little bet¬ 
ter than 5. The absolute magnitude of stars 
in the nucleus of the Andromeda nebula 
Baade found to be only little better than -1, 
whereas in some of the spiral nebulae the 
blue hot stars may be as great as magnitude 
-5 or -6. Prom the high color index, or 
redness, of these Andromeda stars their 
spectral type has been inferred to be K or M. 
One would presume that the Mount Wilson 
observers in attempting to assign a spectral 
classification on the basis of redness alone 
must have considered the possibility that the 
redness may be duo to the scattering and ab¬ 
sorption of blue light from dark cosmic dust 
in the region of the Andromeda nebula itself. 
Direct photographs of this spiral nebula 
would seem to supply evidence for the ex¬ 
istence of absorbing materia,1. 

In any event, it is refreshing to know that 
in the darkest nights of war, new worlds, or 
perhaps one should say new suns, can be 
discovered with the help of wartime black¬ 
ness.— Harlan T. Stetson. 
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GEOLOGY FOR EVERYMAN 

Geology for Everyman. Sir Albert Seward. 312 pp. 

Illus. 1944. $3.25. Cambridge, at the Univer¬ 

sity Press; New York, The Macmillan Company. 

Geologists in this country are becoming 
more and more aware of the need for an 
increasing dissemination of the facts of the 
science in terms understandable by the lay 
public. In his address as retiring vice-pres¬ 
ident of Section E, Professor Chester R. 
Long well, of Yale University, dealt at length 
on the problem, particularly mentioning the 
need for nontechnical, interpretative books 
describing and discussing geologic phe¬ 
nomena. (Science, n.s., 101: 1-7, 1945.) 

The English have long seemed to possess 
a special ability to produce works of this 
type. Many of the best have been written 
by men who are leaders in the science; the 
present work merits inclusion high on this 
list. Its author, the late Sir Albert Seward, 
was one of the world’s most eminent paleo- 
botanists, and for thirty years was a Pro¬ 
fessor in the University of Cambridge, a 
Master of a College, and a Vice-Chancellor 
of the University. 

Despite the multitudinous duties thus fall¬ 
ing upon him, he found time in his last days 
to write one of the most engaging accounts 
of geologic phenomena that this reviewer has 
had the pleasure of reading. Geology was 
Seward’s first love as a student and an un¬ 
dergraduate, and the enthusiasm for the sci¬ 
ence remained with him throughout a life¬ 
time of achievement. Into his book, com¬ 
pleted but three days before his sudden pass¬ 
ing, he has injected the accumulated satisfac¬ 
tions of his lifetime of geologic investigation 
in an expressed desire to show others the way 
to the same satisfying enthusiasm. Inter¬ 
woven into an account of the geological his¬ 
tory of England is a broad foundation in the 
principles of the geological sciences. Begin¬ 
ning with a simplified account of the geologic 
scene, as we find it today, the book deals with 
the history of the English area in descending 
order, proceeding from the better known to 
the relatively unknown, describing mainly 
the aspects of paleogeographic evolution and 
the orderly progress of plant and animal life. 
While the fact that the geologic illustrations 


are thus drawn very largely from the Eng¬ 
lish scene may detract somewhat from the 
value of the book to the American reader, 
nevertheless the lucid explanations of geo¬ 
logic phenomena give the work universal 
value, and the author’s felicity in the use of 
the written word imparts to it a high and 
delightful literary quality. 

No comparable popular treatise in its field 
has been produced by an American author; 
our scientific literature will be greatly en¬ 
riched when such a work does appear.—II. E. 
Vokes. 

BEETLE ROCK 

One Day on Beetle Bode. Sally Carrigliar. 196 pp. 

Illustrated by Henry B. Kane. 1944. $2.75. A. 

A. Knopf, New York. 

In all the extensive literature of natural 
history, nothing quite like this book has been 
written before. In its accuracy of observa¬ 
tion it yields no points to the animal stories 
of Ernest Thompson Seton which charmed 
another generation of readers, and its quiet, 
dispassionate style is reminiscent of Alan 
Devoe’s little essays. But this is not a col¬ 
lection of stories about particular animals— 
literary field notes, so to speak—or sum¬ 
maries of the lives of our fellow creatures 
written by a writer who is at heart a moral¬ 
ist, no matter how impersonal he may try to 
be. This is the story of what might have 
happened in the lives of several creatures 
who are members of an animal community 
in a particular place (which actually exists, 
near the concession center of Sequoia Na¬ 
tional Park in the California Sierra) on a 
particular day, June 18. 

Using the technique of the novelist who 
unravels the background of each of his char¬ 
acters in tnrn as they come together in time 
and place (as James Joyce did in Ulysses), 
Miss Carrighar has followed the animals of 
Beetle Rock on their individual but interre¬ 
lated ways during that summer day. First we 
see the weasel on her predatory way, then the 
quiet, secretive day of the grouse, the chick¬ 
aree’s lively and impertinent antics, and the 
bear’s comparatively sedate ways. Then 
there is a change of scale as the author takes 
us down to the lizard’s level, and the whole 
inextricable tangle of life as it is lived by 
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creatures in nature becomes apparent to the 
reader. With a growing sense of familiarity 
with the scene the reader follows the coyote, 
the deer mouse, the Steller jay, and finally, 
the mule deer, in their wanderings across and 
around Beetle Rock. It is not a simple story, 
nor is it a sweet one from which to draw 
pious morals, for there is death and violence, 
fear and loneliness in it, but it is vivid and 
faithful to the facts. It all might have hap¬ 
pened just as it is written. 

There are two pitfalls which beset the 
writer of this sort of thing, but Miss Car- 
righar has adroitly avoided both of them. 
The first, which has laid many another low, 
is the pitfall of the purple passage. This 
is not to say that the book is not well written, 
for it is, but there is no excess verbiage to 
mire down the action. The whole pattern of 
action and description is so well balanced 
that it is hard to find a passage to remove 
from its context for quotation, and perhaps 
the opening sentences will do as well as any 
to give an impression of the mood and style 
of the book: 

The water of tlio brook reflected the sunlight up to an 
alder branch, where it flickered along the gray bark. 
On the fool 7 s gold under the ripples lay a web of the 
sunlight, gentiy shaken. The sound of the current 
was subdued here, and the stir of the streams!do 
leaves, and the Mule Leer was quiet too, as he moved 
slowly forward along tlio bank, clipping off willow 
buds. 

The other pitfall is that far more insidious 
and dangerous one which is best described by 
the clumsy word anthropomorphism. The 
use of animal characters in moral fables is 
one of the most ancient traditions of litera¬ 
ture, and Aesop and the Just So Stories have 
their well-earned place in our hearts, but 
they are not “natural” history. Yet many 
writers of nature books who have had no 
intention of emulating Kipling have come 
perilously close to putting human thoughts 
and reactions into their animal characters. 
Undoubtedly animals have fears and joys, 
and the difficulty is how to describe the sub¬ 
jective reactions of animals whose minds we 
have only the vaguest conception of without 
describing what our own thoughts might be 
if we were mice or birds or deer. While we 
cannot, without some communication with 
the creatures themselves, say whether or not 


Miss Carrighar has succeeded in her effort 
to describe their subjective reactions, it cer¬ 
tainly seems as if she has. At any rate, they 
are kept to a minimum, and the traditional 
devices of the bedtime story are, of course, 
omitted. The result is that One Day on 
Beetle Bock is not only an honest attempt 
to describe wild life, it is a success, and the 
reader closes it with the impression that he 
himself has spent that day on Beetle Rock 
watching these creatures.— Joel "W. Hedg- 
peth. 

POPULATION PROBLEMS 

Enough and to Sparc. Kirtley F. Mather. 186 pp. 
Illus. 1944. $2.00. Harper & Brothers, New 

York and London. 

Demographic Studies of Selected Areas of Rapid 
Growth. Proceedings of the Pound Table on 
Population Problems, 22nd Annual Conference of 
the Milbank Memorial Fund. 1944. $1.00. Mil- 
bank Memorial Fund, New York. 

Any discussion of power politics or the 
brotherhood of man should be based upon 
some consideration of the resources and the 
population pressure in various parts of the 
world. These two books provide a contrast 
of facts and fantasies in dealing with these 
problems. 

Professor Mather has made a survey of 
world resources and population trends. He 
concludes that there is “enough and to 
spare” for all of the people of the world. 
According to Mather “the gloomy prediction 
of Malthus does not now apply and, if pres¬ 
ent trends continue, never will apply to 
man.” 

Since Mather is a professor of geology at 
Harvard University, his estimates of the min¬ 
eral resources of the world should be reliable. 
He predicts that the world reserves of petro¬ 
leum products should last until 2030, but, 
that coal and oil shales should provide ade¬ 
quate fuel for at least 3,000 years. Reserves 
of iron ore are estimated to be at least 5,000 
times the present annual consumption. Sim¬ 
ilar optimism is expressed regarding reserves 
of most of the other metals and of mineral 
fertilizers. These estimates are based upon 
present normal demands for mineral prod¬ 
ucts, the use of both inaccessible and low- 
grade deposits, and do not take into account 
the probable industrialization of the more 
backward countries—countries which contain 
three-quarters of the world population. 
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Mather’s estimates of potential agricul¬ 
tural production and his conceptions of 
demography are unrealistic if not fantastic. 
Most competent authorities estimate that not 
more than 20 per cent of the land surface of 
the world is suitable for growing crops, yet 
Mather assures us that nearly half of the 52 
million square miles of the land of the world 
can be made arable, with an additional 14 
million square miles suitable for pasture. 
"We are also told that “by putting into prac¬ 
tice the techniques already known and utiliz¬ 
ing the plant strains now available as a result 
of scientific breeding and hybridization, we 
can at least double and probably quadruple 
the out-put of our soil factory.” Contrast 
this optimism with the estimates of Dr. C. 
E. Kellogg, Chief of the Division of Soil 
Survey of the United States Department of 
Agriculture, presented in Black’s recent book 
Food Enough. He estimates that proper fer¬ 
tilization, along with other good husbandry, 
would raise crop yields in the United States 
about 25 per cent. We can have a perma¬ 
nent and increasingly productive agriculture, 
but we cannot expect miracles. 

The declining birth rates of the Western 
nations are attributed by Mather to the nat¬ 
ural consequences of man’s evolution and 
“are due as much to physical factors of the 
human body as to the mental attitudes 
toward the bearing and rearing of children.’’ 
The growth rates of the Occidental peoples 
are becoming stabilized, and the Oriental 
races are now entering this phase of declin¬ 
ing fertility. As a result the world popula¬ 
tion will become stabilized long before there 
is any conflict with the Malthusian law. One 
wonders where Mather obtained his biolog¬ 
ical information regarding the causes of the 
decline in human birth rates. 

The last four chapters of Mather’s book 
are devoted to the interdependence of na¬ 
tions in relation to the resources of the world, 
and an appeal for the “wise use and equit¬ 
able distribution of resources that are abun¬ 
dant enough for all.” There are reasonable 
grounds for the author’s optimism so far as 
the Western World is concerned, in spite of 
his naive notions regarding agriculture and 
population growth, but the demographic 
problems of Asia are of a different order as 
we shall see in the following review. 


Demographic Studies of Selected Areas of 
Rapid Growth is written by staff members 
and associates of the Office of Population Re¬ 
search, School of Public and International 
Affairs, Princeton University. The demo¬ 
graphic problems of Japan are presented 
by Taeuber and Beal, of India by Davis, of 
Eastern and Southern Europe by Moore, of 
the Near East by Jurkat, and of Egypt by 
Kiser and Cleland. The problems of popu¬ 
lation policy are summarized by Notestein. 

The population of Japan reached Malthu¬ 
sian equilibrium early in the 18th century 
and remained relatively constant until 1850. 
The impact of Western culture, foreign 
trade, and industrialization resulted in rapid 
population growth—56 million in 1920 and 
73 million in 1940. Industrialization did 
not, however, raise the standard of living 
very high because much of the increased 
productivity was diverted to empire expan¬ 
sion and war. Sufficient advance was made 
to reduce death rates, but not enough to 
greatly reduce birth rates, which are still far 
beyond replacement levels. As a result 
Japan has a population which must expand 
to new territory or be held in check by high 
death rates. 

The British brought relative peace and 
order, an improved agriculture, control of 
epidemics, and some degree of industrializa¬ 
tion to India, but these gains have had little 
effect on the economic and cultural develop¬ 
ment of the people. Death rates have been 
reduced somewhat, but birth rates remain 
near the physiolocal maximum—about 45 
per 1,000. The population, which includes 
nearly a fifth of the people of the world, is 
growing at a rate of 1.5 per cent per year. 

The demographic problems of some of the 
countries of eastern and of southern Europe 
present the same picture—“Too many peo¬ 
ple, too little land.” Agricultural methods 
can be improved, but cannot bring increased 
prosperity. Industrialization is needed. The 
Near East presents similar problems, al¬ 
though Turkey, Iran, and Iraq can support 
larger populations. In all of these areas 
birth rates remain high—in some regions 
over 50 per 1,000. 

Egypt is not a critical area in regard to 
population size, but “the population prob¬ 
lems of Egypt epitomize in some respects 
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those of the vast Mohammedan world”— 
high birth rates, limited room for expansion, 
and low living standards. 

These demographic studies show the seri¬ 
ous obstacles to future economic and political 
development in regions that are already 
densely settled and still have high birth 
rates—India, China, Egypt, Java, and other 
areas. The modern Western nations were 
able to avoid excessive population pressure 
by industrialization when the initial popula¬ 
tions were relatively sparse, and at a time 
when there was no industrialization compe¬ 
tition elsewhere. The increased economic 
standards led to artificial control of the birth 
rate and relatively stabilized populations. 
In this transition the populations increased 
several fold. Can the rest of the world make 
this transition without analogous growth or, 
if not, can they support such growth until 
the populations are stabilized ? The answers 
are very pessimistic. 

Notestein shows that population pressure 
cannot be relieved by high death rates be¬ 
cause a rising mortality in these areas indi¬ 
cates rising population pressure and not a 
solution. * * Emigration will not check growth 
in the most important areas of population 
pressure at the present stage of their demo¬ 
graphic evolution,” and “It would be un¬ 
fortunate to waste the open spaces of the 
world in a fashion that could only intensify 
future problems of adjustment.” He also 
maintains that population pressure cannot 
be relieved by birth control, because high 
mortality and subsistence living populations 
will not adopt contraception. 

All of the authors are agreed that the 
growth rate of these densely populated re¬ 
gions can be controlled only by the improve¬ 
ment of the socio-economic conditions of the 
people. But gradual improvement of socio¬ 
economic conditions will reduce the death 
rate much faster than it will reduce the birth 
rate and will result in a rapid increase of 
population in areas already over populated. 
The industrialization of Japan may not pro¬ 
vide an adequate basis for predicting the 
trends in other regions of Asia, but “if the 
same situation is to occur in the great over¬ 
crowded regions of the Asiatic mainland, the 
race between the expansion of economic op¬ 
portunity and the accelerated population 


growth produced by mortality control would 
seem to be hopeless.” There is hope for 
other regions, and Notestein suggests that the 
United States should attack the problems of 
its own colonial areas, especially those of 
Puerto Rico. 

This book should be required reading for 
those statesmen who would plan a new world 
order.— Karl Sax. 

THE ETERNAL PUZZLE 
Consider the Calendar. Bhola L. Panth. 138 pp. 

Paper bound. $1.25. Bureau Publications, 

Teachers College, Columbia University, Now York. 

This is a scholarly work setting forth the 
difficulties in securing a workable calendar, 
the history of struggles with these difficul¬ 
ties, and some possible solutions. It is well 
documented, having numerous footnotes cit¬ 
ing sources, as well as a selected list of ref¬ 
erences. Appendices deal with calculation 
of week days and holidays. 

The lunar and solar cycles, and the more 
arbitrary but deepseated concept of the 
week, are reviewed. None of these units fits 
smoothly with the others. The ancient at¬ 
tempts to work out calendars from vari¬ 
ous standpoints, the comparative stability 
achieved by Julian and Gregorian reforms, 
and the bothersome irregularities even under 
the present system, are discussed. Various 
modern attempts have been made to work out 
a better fitting system of weeks, months, and 
years. 

The author sets out weaknesses of our 
calendar and desirable points in a good 
calendar,* regularity and simplicity are de¬ 
sired. Two systems are discussed at length 
as very promising. The u world calendar” 
has 12 months; there are 4 quarters of 13 
weeks each, and each quarter has a 31-day 
and two 30-day months. The “ international 
fixed calendar” has 28-day months, 13 of 
them, denoted by Roman numerals. In both 
there is an extra “stabilizing day” each year, 
and two such days each leap year. Other 
schemes have received less support. It is 
shown that in 1937 a number of national gov¬ 
ernments were favorable to the “world cal¬ 
endar.” The anthor leaves no doubt that 
he favors calendar reform but does not ex¬ 
press special favor for either of the two prin¬ 
cipal new systems.— F. M. Wadley. 
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THE PROBLEMS OF MEDICAL CARE 

American Medical Practice in the Perspectives of a 

Century. Bernhard J. Stern, xvi + 156 pp. 1945. 

$1.50. The Commonwealth Fund, New York. 

The profound socio-economic changes and 
technological advances of the past century 
have served to precipitate gradually in this 
country the recognition of a situation in 
which the medical needs of all sectors of the 
population are not being adequately met. It 
is well known that the chief immediate causes 
of these unmet needs at the present time are 
economic and geographic, since in many in¬ 
stances costs are beyond the reach of those 
needing medical assistance, and in many 
parts of the country such assistance is not 
available. 

The situation constitutes a challenge. The 
effectiveness of medicine has been demon¬ 
strated and as a result there is a public de¬ 
mand for it. Unfortunately the extraordi¬ 
nary technological advances in the field of 
medicine have not been paralleled by the 
requisite advances in organization. Should 
adequate organization be provided by the 
medical profession and effect medical care 
within the reach of all members of the popu¬ 
lation, the profession need have no fears con¬ 
cerning the possible activities of other inter¬ 
ested groups. On the other hand, if the 
profession approaches the problem with pro¬ 
crastination, trepidation or little thought, it 
is almost certain that the public will accept 
whatever type of organization that may be¬ 
come available as events swiftly move by. 

Aware of the unsatisfactory situation with 
reference to the purchase and distribution of 
medical care, the Council of the New York 
Academy of Medicine established in the 
winter of 1942 the Committee on Medicine 
and the Changing Order. The Committee 
began its work in February, 1943. 

The objectives of the Committe were 
defined as follows: 

( 1 ) To explore the possibilities and to form¬ 
ulate methods of maintaining and im¬ 
proving standards of quality in medical 
service, including medical research, med¬ 
ical education, the maintenance of 
health, both physical and mental, the 
prevention of disease, and the treatment 
of disease. 


to larger groups of people and to the 
country as a whole the best known prac¬ 
tice in preventive and curative medicine, 
(c?) To explore the possibilities and to form¬ 
ulate proposals of distributing these ser¬ 
vices not only to a larger number but 
also at a lower per capita cost than the 
present system permits. 

The Committee, numbering 48 members, 
is composed of 31 physicians, one dentist, 3 
nurses, and 13 laymen representing labor, 
industry, law, social work, and the clergy. 

To orient itself to the different aspects of 
the problems which it was studying, weekly 
meetings have been held by the Committee at 
which experts from diverse fields presented 
their interpretations of the social and eco¬ 
nomic changes that were taking place. 

Furthermore, the Committee, recognizing 
the need for objective data, early enlisted the 
co-operation of a number of experts in the 
preparation of a series of monographs on the 
reciprocal effects of medicine and the tech¬ 
nological, social, economic, and political 
changes that have taken place in American 
life. The Committee believes that such 
monographs will offer not only a survey of 
the present situation but will also indicate 
its evolution and possible future trends. 
Thus, achievements as well as the inad¬ 
equacies in medical practice will be revealed. 

In addition to the publication of the mono¬ 
graphs, the Committee intends to issue a 
report presenting any conclusions that might 
be drawn from its deliberations and studies. 

The present monograph by Dr. Stern con¬ 
stitutes the first of the series to appear. 
Other studies to follow include The Ameri¬ 
can Hospital; Medicine in Industry; Rural 
Medicine; Varieties of American Insurance 
and Prepayment Plans for Medical Care; 
Medical Education; The Development of 
Community, State, and National Public 
Health Services; Preventive Medicine; Nurs¬ 
ing; Medical Research; and Dentistry . 

Dr. Stern set himself the task of present¬ 
ing a history of medical practice in America 
in its relation to various recognizable social, 
economic, and technological forces. It is 
admitted that this method of treatment defi¬ 
nitely tends to lose much of the glamor usu¬ 
ally found in medical history treated as 
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something isolated and far removed from 
reality. But much is gained, since an attack 
on a broad front is more likely to reveal the 
genesis of the various controversial problems, 
and thus provide some of the prerequisites, 
for their solution. 

The different operating forces that have 
acted upon each other to bring about the 
situation of today are presented in the mono¬ 
graph under seven headings and an appen¬ 
dix, as follows: I. Social and Economic 
Changes in American Life, II. The Ex¬ 
panding Horizons of Medicine, III. The 
Specialist and General Practitioner, IV. 
The Supply and Distribution of Physicians, 

V. The Patient Load in Medical Practice, 

VI. The Income of Physicians, VII. The 
Distribution of Medical Services, and Ap¬ 
pendix, The Effect of Recruitment on the 
Supply of Physicians in Civilian Areas. 

Dr. Stern has performed well with his 
assignment. The monograph is no mere col¬ 
lection of events with appropriate dates, but 
a fresh, frank, integrated, and impartial 
history of ideas, well documented, concise, 
scholarly, and well written. The author 
shows that the present inadequacies in medi¬ 
cal practice stem from a complex of factors 
each influencing the other. Among these 
factors mention should be made of the urban¬ 
ization and industrialization of society, de¬ 
velopment of scientific medicine, centraliza¬ 
tion of scientific medicine in the hospital, 
increasing demand for medical services, ris¬ 
ing costs of medical care, distribution of med¬ 
ical care, development of medical specialties, 
and geographic distribution of physicians. 


The reviewer was particularly impressed 
by the author’s emphasis on the shifting of 
the focus of medical practice from the disease 
to the patient, and on the close relation be¬ 
tween individual welfare and social welfare. 

The author concludes with the statement 
that “the problems of medical practice that 
are agitating the public today are . . . pri¬ 
marily concerned with the provision of a 
high qual ity of curative and preventive med¬ 
ical service to all the people, whether they 
belong to low or high income groups, whether 
they be rural or urban residents, Negro or 
white.” 

The book is adequately indexed, and the 
typography and binding are of good quality. 

The Committee on Medicine and the 
Changing Order of the New York Academy 
of Medicine is to be heartily congratulated 
for having initiated a very much needed and 
particularly worthwhile evalution of ideas. 
Should the succeeding monographs measure 
up to the quality of the present one the Com¬ 
mittee should find the task of preparing its 
final report considerably lightened. 

The reviewer recommends the monograph 
to all persons interested in the problems of 
medical care; those who read it will look for¬ 
ward will), keen interest to the appearance of 
the later monographs and particularly to the 
final report of the Committee. May the re¬ 
port be bold and state clearly not only what 
the Committee believes medicine with its 
diagnostic, curative, and preventive services 
should perform, but also the elements of an 
adequate type of organization to accomplish 
the objectives.—W. M. Gafafer. 


x 
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COMMENTS AND CRITICISMS 


Omission 

I wish to call attention to the omission of a line in 
copying the quotation from Browne’s Source Boole 
of Agricultural Chemistry in the review of this 
work by Dr. Mark Graubard, in the January 1945 
number of The Scientific Monthly. On page 79, 
second column, second line from the top, the passage 
in the Source Book reads “Mayow [Hales and their 
followers focussed attention upon air; Stahl and his 
school] emphasized the importance of the fire element 
or phlogiston. ; 3 The line of the Source Boole left 
out in the review is marked in brackets. The oc¬ 
currence of an omission in the citation is obvious, 
for Mayow died over thirty years before Stahl an¬ 
nounced his theory of phlogiston.—C. A. Browne. 

Social Sciences, Too! 

The sciences of interpersonal and intergroupal 
relations are on the verge of becoming reputable 
natural sciences, if they, or at least some of them, 
have not already done so. Their development is in¬ 
creasingly away from philosophy and literature and 
toward the rigorous, carefully delimited and con¬ 
trolled investigations of the physical and biological 
sciences. Social scientists in the near future will be 
as dependent upon mathematical and instrumental 
research procedures as physical and biological scien¬ 
tists now are. It is increasingly evident that the 
“fields” of the physical-biological and social sci¬ 
ences are as overlapping and interdependent as the 
11 fields 3 3 of the physical and biological sciences. 

These facts require a much needed recognition of 
the unity of all natural science and underlines what 
is daily becoming more evident: if we do not learn 
how to conduct our social affairs in the spirit and 
by the knowledge gained from all the physical, bio¬ 
logical, and social sciences, much of our physical and 
biological scientific knowledge will continue to be 
either not applied at all or tragically misapplied, or 
both, as is the case at present. 

Sane postwar planning for science must not fail 
to include planning for the rapid transformation of 
social science into natural science. This means the 
complete elimination of all animistic modes of 
thought and action, societal behavior, and the maxi¬ 
mum application of all scientific knowledge to the 
problems of world-community living. 

The youngest child in the House of Natural Sci¬ 
ence may well become one of its most useful members 
if its older brothers give it the advantage of their 
advice and experience and insist that it never forget 
that if it is to be a science at all, it must be a 
natural science, too. 

The SM is still the best magazine I take and I am 


glad the AAAS owns it now, lock, stock, and barrel. 
Your idea of scientific poems as end-of-article fillers 
is a good one. I have always contended that the 
old-time poetry-line has run out—we must have a 
poetry consistent with science, just as we must have 
a religion—or a system of ethics, if you prefer— 
that is not inconsistent with tested scientific knowl¬ 
edge.— Read Bain. 

Feline Fishermen 

Should not Dr. Gudger’s article on “Feline 
Fishermen” [February 1945] have begun with the 
tragedy of Selima, the “Favourite Oat Drowned in 
a Tub of Gold Fishes,” celebrated two hundred 
years ago by Thomas Gray: 

A whisker first , and then a claw 
With many an ardent wish 
She stretch 3 d, in vain lo reach the prise — 
What female heart can gold despise? 

What Cat 3 s averse to fish? 

Presumptuous maid! with looks intent 
Again she stretch’d, again she tent, 

Nor knew the gulf between — 

Malignant Pale sat by and smiled — 

The slippery verge her feet beguiled; 

She tumbled headlong in! 

And the story of feline fishermen may go much 
further back, I think 1 remember that in the Latin 
version of Aesop there arc somewhere a couple of 
lines to the effect that “The cat loves fish, but is 
unwilling to wot its feet.” Perhaps some classicist 
can verify this, or trace the story still further. 
— W. F. Brewer. 

On “The Brownstone Tower” 

It seems to me that it would he a splendid thing 
if all of your readers who, like myself, have noted 
with pleasure and have rejoiced in the recent im¬ 
provements month by month in the SM would take 
the time and trouble to write in and tell ye Ed. as 
much. There really should be more of that sort of 
thing done on general principles. However, it may 
be that I misjudge frail human nature. 

Although there are a number of recently inaugu¬ 
rated features in the SM that are worthy of com¬ 
mendation, the latest new section entitled “The 
Brownstone Tower” has made a special and par¬ 
ticular hit with at least one old subscriber. You 
are to be congratulated, not only upon the astuteness 
of the idea itself, but on the very interesting possi¬ 
bilities into which it very likely will develop. Defi¬ 
nitely, its potentialities reach afar. 

In the development from month to month of this 
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new feature “The Brownstone Tower /’ the thought 
has occurred to me that, in view of the fact that so 
many of your readers are students in remote loca¬ 
tions who never have had the good fortune to visit 
Washington or to sec and explore the old Smithsonian 
building, it might be a good idea for you to devote 
a bit of space now and then to telling these unfor¬ 
tunates more about the place where you work and 
the many other things all about you there of interest 
to students. 

The Smithsonian building is of the Norman or 
Lombard style “of the latter half of the twelfth 
century. It is the latest variety of the rounded 
style, and it is found immediately anterior to the 
merging of that manner in the early Gothic. In 
general design and in most of the details the archi¬ 
tect adhered to the period to which this style is 
referable. The general feeling, however, which per¬ 
meates the design, especially in the upper towers, 
is that of a somewhat later era, when all lingering 
reminiscences of the post and lintel manner had been 
discarded and the ruling principles of arch archi¬ 
tecture were recognized and carried out. The semi¬ 
circular arch stilted is employed throughout, in 
doors, windows, and other openings. The windows 
are without elaborately traceried heads. The but¬ 
tresses are not a prominent feature and have no 
surmounting pinnaclos. The weather moldings con¬ 
sist of corbel courses, with bold projection. The 
towors are of various shape and sizes; and the main 
entrance from the north, sheltered by carriage porch, 
is between two towors of unequal height/* 

I realize that I may not be an entirely disinter¬ 
ested witness insofar as any discussion of the old 
Smithsonian building and its ornamentation may be 
concerned, for I dearly love the old place, and have 
long had a whole lot of sentiment tied up in every¬ 
thing pertaining to it. I admired pictures of it 
before I ever saw the place, and when I did get to 
see it some thirty odd years ago, it was a case of 
love at first sight. Later on for some ten or fifteen 
years or so I was secretary of a scientific society in 
affiliation with the Institution, and in that capacity 
I was in charge of that society ’& duplicate sale stock 
of publications stored in a large square room afar up 
in one of the south towers, and only to be reached 
through impressive iron doors and several flights of 
stone or metal stairs. I shall always remember with 
pleasure, many pleasant Saturday afternoons in sum¬ 
mer spent by me working alone up in that old tower 
room assorting those publications at my table in a 
sunny window or in looking out the various other 
openings across the roof tops between the quaint 
objects of ornamentation down on the Government 
buildings and other things on the Mall, all of these 
more than usually interesting when viewed from such 
an unusual vantage place, or, perhaps in gazing down 
the Potomac through the haze toward Alexandria 


eight miles away, or toward Mount Vernon, Virginia, 
some sixteen miles away. 

In those days I had a vague notion that perhaps I 
might write up these pleasurable impressions at some 
future time, but realized that probably I would not 
be able to do justice to the subject. If and when I 
ever did so, however, I thought as I looked out over 
the roof tops how appropriate it would be if I could 
somehow work in those wonderful opening lines from 
Sir Walter Scott's great poem “Marmion," You 
remember them. They run like this: 

Day set on Norham’s castled steep, 

And Tweed 3 s fair river , broad and deep, 

And Cheviot 3 s mountains lone; 

The battled tower, the dunjon keep, 

The loophole grates where captives weep, 

The flanicing ivalls that round it sweep, 

In yellow lustre shown. 

Anyway, if you now get as much satisfaction from 
use of your brownstone room as I did from mine in 
those days, you are to bo envied.—J. S. Wade. 

Lakanal and Chapped Telegraph 

It was with much interest that I read the very 
excellent article in your December number entitled 
“Telegraphs and Telegrams in Revolutionary 
Franco” by Duane Koenig, It seems to me, how¬ 
ever, that the author should have put more stress 
on the part played by Lakanal in presenting Chappo } s 
project and his success in securing the full support of 
the National Convention. 

It is true that Gilbert Eommc had, in April 1793, 
championed the cause of Chappo *s invention, but soon 
after, he had become a prisoner in the Girondist Tip- 
rising in the Department of Calvados. Arbogast was 
appointed in his place, along with Daunou and 
Lakanal as representatives of the Convention, to 
witness Chappe's demonstration of his telegraph. 
Daunou was a man of literary training and tastes, 
and Arbogast was a mathematician. Neither was 
particularly interested in the applications of science. 
From Chappo ; s letters to Lakanal 1 we learn the part 
played by Lakanal and the rather negligent interest 
of Daunou and Arbogast. Excerpts from the letters 
follow: 

“It seems to me that Citizen Daunou attaches little 
importance to my telegraphic system. Citizen Arbo¬ 
gast displays the same indifforonce. ... If you were 
not there, I would despair completely of success. 
You will remove the obstacles so much to be dreaded 
from the Committee of Finance, so unfavorable to 
everything that concerns sciences and letters. Finally, 
I am hoping strongly in you, and in you alone. ...” 

Gambon and Monot, members of the Committee of 
Finance, vigorously opposed financial aid to Chappe. 

iJSto pos6 Bommaire des Travauw de Joseph LaKanal, 
Paris, 1838. Pages 219-221. 
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They were interested in rigid economy, owing to the 
financial plight of the country. “What men this 
Gambon and his Monot are,” exclaims Chappe. “I 
admire the courage and calmness which you oppose 
to their bad reasonings, to their insulting sallies 
against your Committee. The sciences will never be 
free of obligation for the services that you have 
rendered them. I beg you to be persuaded that my 
gratitude towards you will end only with my life. 

“At last, thanks to your brave efforts, to your 
unalterable patience, my project will be examined 
upon a line of correspondence suitable for giving con¬ 
clusive results. You have procured the funds neces¬ 
sary for this preliminary test. . . .” 

In the following excerpt Chappe refers to an effec¬ 
tive argument used by Lakanal. Before quoting the 
passage it may be well to explain that Montesquieu, 
and after him Rousseau and Mably, had all expressed 
the opinion that a Republic could be successful only 
in a small country. This idea was accepted by nearly 
all the Revolutionary leaders, although Brissot and 
Condorcet, who were familiar with the success of the 
Republic in America, did not share the common 
opinion. Since France had been forced by circum¬ 
stances into the adoption of a Republican form of 
government, there were still many in the summer of 
1793 who feared the experiment might fail owing to 
the large extent of territory covered by the Republic. 

Says Chappe: “I learn from various representa¬ 
tives and from some employees of the Committee that 
Citizen Daunou does not want my project, and that 
Citizen Arbogast does not display any zeal for its 
adoption. How is it that they were not struck by the 
ingenious idea that you developed yesterday before 
the Committee, and of which I had not thought. The 
establishment of the telegraph is, in fact, the best 
response to the publicists who think that France is 
too broad of extent to form a Republic. The tele¬ 
graph shortens distances and unites in some fashion 
an immense population about a single point. A long 
time ago, rebuffed on all sides, I would have aban¬ 
doned my project if you had not taken it under your 
protection. . . 

Lakanal’s suggestion that the telegraph would 
make France a smaller country won over the Deputies 
of the National Convention in favor of Chappe. Re¬ 
cently we have heard a great deal about the increas¬ 
ing smallness of the world due to rapid means of com¬ 
munication, and the very title of the late Wendell 
Wilkie’s One World is but an echo of Lakanal before 
the National Convention in 1793. 

In a letter of thanks to Lakanal, Chappe says: 
“Thanks be unto you a thousand times! You have 
triumphed over all obstacles. ... You have trans¬ 
formed them into ways and means; behold me fully 
satisfied. The project is adopted, and the decree 


determines my rank and my pecuniary privileges. 

>) 

“I owe you new thanks. You are inexhaustible 
when it comes to being useful to me. I have re¬ 
ceived the decree of the Committee which puts at my 
disposition the funds necessary for a trial on a large 
scale. I am going to busy myself with ways of 
execution. I shall be very attentive to keep you 
abreast of all my operations. I pray the creator to 
accept the homage of his creature. ’ ’ 

These extracts from Chappe ’s letters not only bring 
into relief the attitude of Lakanal in contrast with 
that of Daunou and Arbogast, but they show the deep 
gratitude of the inventor toward the one man to whom 
he owes his success.— John C. Dawson. 

Approval 

A hearty second to Dr. Stecher ’s motion, February 
issue, p. 105. The biographies should be put where 
they could be bound. You might number all the 
pages, including the advertising section, otherwise 
libraries simply won’t bind those parts. I have had 
a feeling of loss and frustration at reading old bound 
volumes because of the absence of the biographies. 
I think this a very urgent matter.— H. L. Stewart. 

Correction 

The Popular Science Monthly was projected by 
Edward Livingston Youmans (1821-1887) and was 
for the first fifteen years of its life edited by him, 
although he was actively aided throughout this period 
by Ms brother, William Jay—not J. W,—Youmans. 
Tho first number came out in May 1872. It was 
issued just at that time to provide a vehicle for 
Herbert Spencer’s essays on “The Study of Sociol¬ 
ogy.” E. L. Youmans was a largely self-trained 
promoter of science rather than a scientist in the 
stricter sense of the word. William Jay Youmans 
(1838-1901) was educated as a physician and prac¬ 
ticed for a few years at Winona, Minnesota. He 
returned to New York and worked on the Popular 
Science Monthly, writing articles on the advance of 
science, science education, and scientific applications. 
He became the editor upon Ms brother’s death in 
1887. As editor he included in almost every issue 
the biography of a scientist. Most of those sketches 
came from Ms own pen and about fifty of them were 
republished in a book entitled Pioneers of Science in 
America (1896). His editorial successor, J. McKeen 
Cattell, said of him that his life was “devoted with 
rare singleness of purpose to the diffusion of sci¬ 
ence,” and that he was “gentle, kind, and noble.” 
We should also remember with gratitude the sister 
of these founders of our journal, Eliza Ann Youmans, 
without whose aid Edward Livingston Youmans 
could not have done his work.—H. G, Good. 
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THE BROWNSTONE TOWER 

Doubtless Hedgpeth’s 
“Re-examination of the 
Adventure of the Lion's 
Mane ” [March issue] 
was appreciated only 
by those who belong 
in fact or in spirit 
to “The Baker Street 
Irregulars/ 7 a large 
group of people who, 
having fallen under the 
spell of Sherlock Holmes and Dr. Watson, delib¬ 
erately try to enhance the illusion of reality by 
commenting on the Holmesian adventures as if 
they were factual reports. So Hedgpcth, a ma¬ 
rine zoologist, studied “The Adventure of the 
Lion’s Mane” and presented his conclusions to 
“The Seowrers,” a chapter of The Baker Street 
Irregulars in San Francisco. The editor re¬ 
quested and obtained the privilege of publishing 
the manuscript, with the understanding that its 
background would be temporarily concealed. We 
hope that our little hoax amused more readers 
than it puzzled and that all who read the article 
learned painlessly something about jellyfish. 

That is an aim of the SM—to make casual 
learning not only painless but pleasant by what¬ 
ever literary devices can be successfully employed. 
Sherlock Holmes himself would have had no use 
for the SM, but Dr. Watson might have enjoyed 
it. Speaking of “A Study in Scarlet,” Holmes 
said sadly to Watson: “I glanced over it. Hon¬ 
estly, I cannot congratulate you upon it. Detec¬ 
tion is, or ought to be, an exact science and should 
be treated in the same cold and unemotional man¬ 
ner. You have attempted to tinge it with roman¬ 
ticism, which produces much the same effect as if 
you worked a love-story or an elopement into the 
fifth proposition of Euclid.” We have no inten¬ 
tion of working fiction into the SM, but who can 
deny that Dr. Watson knew how to reach and 
hold his public? .The moral is that Holmes’ “cold 
and unemotional” ideal, which he disregarded in 
the “Lion’s Mane,” should be avoided in the SM. 

Some scientists have become so accustomed to 
conventional scientific writing that it is difficult 
for them to break away from it on occasion; they 
not only must overcome a fixed habit but also a 
psychological hazard. Would they not lose caste 
scientifically if they were to depart from the third 
person and the passive voice ? What would their 
colleagues think of them if they were caught in 


the first person surounded by figures of speech? 
Our guess is that their unconventionality, if well 
done, would he vigorously applauded, for scien¬ 
tists are human and are not stirred by passages 
like the following: “Ahe method of snowflake 
and appleblossom (1945) was investigated by the 
present author, as described above. The results 
so obtained are given in Table I where they are 
compared with those secured by the author with 
his own method ...” [and so on, far into the 
night]. Scientific papers were not always as dull 
as they are now. In the early days it was not 
considered indelicate to write in the first person 
and to inject some Watsonian enthusiasm into the 
search. 

Scientists have stories to tell that are intrin¬ 
sically as interesting as any told by Conan Doyle. 
Like Holmes, they are in the business of detection, 
of analysis from effect to cause. Cannot Watson 
teach them something about telling the stories of 
their successes? Watson never neglected the hu¬ 
man element in Holmes’ problem. He resorted to 
dialogue, description, and to all the devices of the 
novelist; and he never, never added footnotes and 
references to the literature. 

We are not suggesting that each contributor to 
the SM‘. could or should become a novelist, but let 
him bear in that direction and at least avoid con¬ 
ventional scientific writing, footnotes, and bibli¬ 
ographies. The (alitor has tried to interest certain 
scientists in writing personal accounts of their 
most thrilling discoveries—to toll the reader what 
they wanted to find out, how they went about it, 
what obstacles they overcame, and how they ar¬ 
rived at the goal. And interwoven in the story 
should run the thread of emotion—of hope, de¬ 
spair, and joy. However useful the*end products 
of research may be, it is “The Journey, not the 
Goal” (Curt Stern) that carries the true message. 

The few scientists whom the editor consulted 
agreed that something of the kind should be done, 
but no one of them was willing to break the ice; 
they are modest men and could not face the pos¬ 
sibility of being regarded as exhibitionists. But 
such articles would be identified with the editor’s 
request. If that were not sufficient, the author 
might write about his own work as if it were the 
work of another. And still other ways might be 
found to make science flame in print. The editor 
eagerly awaits responses from those gallant souls 
who are willing to experiment with literary 
expression as well as with scientific instru¬ 
ments.—E d. 
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SANITARY VENTILATION BY RADIANT 
DISINFECTION* 

By WILLIAM FIRTH WELLS 


The lag in sanitary ventilation during* a 
period of rapid development of water puri¬ 
fication, milk pasteurization, and pure food 
administration is a public health paradox. 
Yet it was quite natural for sanitary inter¬ 
est in ventilation to lag with the decline of 
infectious diseases formerly attributed to at¬ 
mospheric miasma, since close proximity of 
persons breathing indoor atmospheres made 
direct transfer of contagious disease without 
a vehicle a possibility. 4 'Why should we not, 
in the absence of direct evidence as to other 
modes of infection, assume at once that con¬ 
tact, that is, the more or less direct transfer 
of infective material from person to persons, 
is the principal source of contagious dis¬ 
ease?” was Chapin’s logical query. And in 
the absence of direct evidence of air trans¬ 
mission, he concluded, "Bacteriology teaches 
that former ideas in regard to the manner in 
which diseases may be air-borne are entirely 
erroneous; that most diseases are not likely 
to be dust-borne, and they are spray-borne 
only for two or three feet, a phenomenon 
which after all resembles contact infection 
more than it does aerial infection as ordi¬ 
narily understood.” 

So dramatic were the triumphs of aseptic 
surgery and barrier nursing in preventing 
contact infection in the hospital that residual 
cross-infections were entered as nursing er¬ 
rors. For even the strictest discipline did 
not entirely eliminate cross-infection, nor 
was the "spacing out” required to prevent 

* Sanitary ventilation studies aided in 1935 by the 
Milton Fund and in 1936 by the Walcott Fund of Har¬ 
vard University have since been continued at the Uni¬ 
versity of Pennsylvania by grants from the Common¬ 
wealth Fund for the study of the prevention and control 
of air-borne infection. 


epidemic spread of meningitis iu barracks, 
or pneumonic plague in Manchuria, within 
the accepted range of spray-borne droplets, 
and Chapin conceded that "Tuberculosis is 
more likely to be air-borne than is any other 
common disease.” 

Sir Patrick Laidlaw found it necessary in 
the study of experimental distemper to house 
dogs in outside kennels to avoid indoor 
spread in spite of aseptic precautions. At 
the Hygienic Laboratory in Washington psit¬ 
tacosis spread to the personnel in a wing 
housing infected parrots in spite of all pre¬ 
cautions to prevent contact. The persistence 
of contagious diseases became conspicuous 
with successful sanitary control of infectious 
intestinal and insect-borne diseases. Atten¬ 
tion focussed upon resicl ual respiratory 
infections gradually impressed upon epi¬ 
demiologists the impotence of the contact 
hypothesis to cope with the phenomena of 
contagion and Admiral Sir Sheldon Dudley 
concluded, "It is highly probable that dis¬ 
eases with a higher striking distance, such 
as chicken pox, measles, and some types of 
the minor respiratory group, may also be 
propagated to an unknown extent by the 
more permanent traveling cloud of the small¬ 
est droplets as well as by the momentary but 
heavy short-range jet.” 

The bacteriological argument that because 
diseases are spray-borne only for two or 
three feet they are not likely to be air-borne 
was refuted by the demonstration that most 
atomized droplets evaporate before falling 
the height of a man, leaving tiny nuclear 
residues suspended on air currents. Viru¬ 
lent organisms were recovered from enclosed 
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FIG. 1. DIRECT IRRADIATION 

INVISIBLE LIGHT PROMOTES SURGICAL ASEPSIS. 


atmospheres hours after atomization, and 
nuclei breathed into the lung produced dis¬ 
ease in experimental animals. Thousands of 
nose and throat bacteria which, in the winter, 
can readily be recovered by appropriate tech¬ 
niques from closely ventilated rooms, are 
expelled in every sneeze. The environ¬ 
mental control of respiratory infections dur¬ 
ing the season of closed indoor air thus pre¬ 
sents a problem in sanitary ventilation. 

Ultraviolet light provides an efficient and 
elegant method for the concurrent disinfec¬ 
tion of the indoor air we breathe. Air trans¬ 
parency makes irradiation efficient in large 
volumes, for the total lengths of paths of 
rays emitted into an enclosed space, from the 
source to the point of their extinction, di¬ 
vided by the volume of the space, determines 
average intensity. The vulnerability to 
lethal radiation of organisms suspended in 
dry air is more nearly uniform than to ther¬ 
mal or chemical agents (Table I). In dry 
air, moreover, organisms are many times 
more vulnerable than in drinking water, 
where disinfection has long been practiced; 
but as air approaches saturation with water 
vapor, the vulnerability of microorganisms 
approaches that in aqueous suspension— 
falling abruptly at a critical range be¬ 
tween 60 and 70 per cent relative humidity. 
It is fortunate that the conditions favor¬ 
able to air-borne infection—the closing of 


windows in cold weather—are also those for 
most efficient radiant disinfection. Between 
the seasons of abundant window ventilation 
and dry indoor air, moist weather may, how¬ 
ever, reduce efficiency of radiant disinfection. 

The conversion, by the mercury Geissler 
tube, of electrical energy into lethal radia¬ 
tion is also efficient. The yield of the reso¬ 
nance wave band, among the most germicidal 
rays, makes fluorescent lighting by reconver¬ 
sion of this invisible light into visible light 
more economical than lighting from incan¬ 
descent lamps. The opacity of glass to ultra¬ 
violet light, however, requires the use of 
almost perfectly transparent quartz envel¬ 
opes, or special glasses with high transmis¬ 
sion factors to make lethal radiation practi¬ 
cally available to the sanitarian. 

Certainly no method of disinfecting the air 
we breathe could be more elegant than the 
exposure of organisms to an imponderable 
lethal agent which does not change the air 
itself. Being independent of the opening 
and closing of doors or windows, irradiation 
is self-regulatory, requiring only good design 
and clean lamps. No special provision is 
needed to mix the air with light, for radia- 

TABLE I 

Relative Vulnimability to Ultraviolet Radiation 
(2537A) oe Individual Cells Suspended 
in Air (E. oora 1.00) 

1930-1937 

(Harvard ITni versify) 


Organism 

Number 

of 

runs 

Relative 

vulnera¬ 

bility 

Bacillus subtilis, vegetative. 

6 

1.6S 

Bacillus subtilis, spore... 

5 

0.22 

Bacillus diphtheriac . 

6 

1.16 

Bacillus smegmatis . 

9 

0,52 

Bacillus prodigiosus .. 

5 

1.33 

Streptococcus hemolyticus . 

4 

0.97 

Streptococcus viridans . 

13 

0.93 

Staphylococcus aureus ... 

13 

1.35 

Staphylococcus dlbus ... 

5 

1.18 

Bneumococcus I .. 

2 

1.94 

Micrococcus catarrhalis . 

11 

1,00 

Bacteriophage .. 

5 

2.14 

Sardna lutea (computed.) .. 

3 

0,85 

Tubercle bacillus .. 

Influenza virus . 

* 

# 

. 0.84 
1.36 


* Computed from absolute exposure In animal inhala¬ 
tion experiments at the University of Pennsylvania. 
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tion can be directed to, or shielded from, 
chosen places. 

The surgeon, following the tradition of 
Lister, first applied these laboratory dis¬ 
closures in practical air disinfection to 
aseptic surgery. His attention was naturally 
fixed upon the operating site rather than 
upon the room air, and to obtain the required 
intensity over the incision, lights were in¬ 
stalled close above the heads of the operating 
team. The elaborate precautions necessary 
for protection of the personnel against sun¬ 
burn hampered their freedom of action, but 
by taking advantage of the principle of reci¬ 
procity between number and length of rays, 
it was soon possible to overcome these disad¬ 
vantages by the adoption of equally effective 
installations. Broad beams of light, directed 
diagonally from suitable reflectors in the 
corner of the ceiling and the middle of the 
side wall, crossed above the incision, main¬ 
taining equal average intensity through the 
room and at the incision, and reduced expo¬ 


sure of the operating team (Fig. 1). The loss 
of radiation by reflection was compensated 
by the increase in the length of path of the 
ray. Simple eyeglasses sufficed to give pro¬ 
tection against the nearly vertical radiation. 

The sedimentation of infected dust par¬ 
ticles upon large areas of defenseless tissue 
during long operations may be serious to 
patients with low resistance. The number 
of particles which sediment on a given area 
within a given time depends upon their set¬ 
tling velocity as well as upon the number 
suspended in the air. Larger dust particles, 
which settle more rapidly than the smaller 
nuclei, are more likely to contain clumps of 
bacteria; and lethal radiation, depending for 
its power upon absorption in the thickness of 
a bacterium, may not penetrate immediately 
to* each organism. To disinfect completely 
these larger dust particles may require more 
intense irradiation than is necessary to de¬ 
stroy organisms in the nuclei of expelled 
droplets. It is fortunate, therefore, that 



PIG. 2. SEMI-DIRECT IRRADIATION IN A WARD 

CURTAINS OF LIGHT IN FRONT OF CUBICLES AND LIGHT CEILINGS ISOLATE PATIENT FROM AIR-BORNE INFECTION. 
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short duration and rigid discipline permit 
the efficiency of direct irradiation in the 
operating room. 

A similar problem is met in the protection 
of burns, but in hospital wards the problem 
is generally one of preventing respiratory 
cross-infection. Contagious diseases, so far 
as is medically possible, are isolated in sepa¬ 
rate wards, but dust from infected bedding, 
as well as the nuclei freshly contributed to 
the air from the respiratory tract, may be 
wafted to the noses and throats of others. 
Cubicles have been designed to prevent seri¬ 
ous sequelae from such reinfections by the 
more immediate spread of spray-borne infec- 



FIG. 3. IRRADIATION OF RECIRCULATED AIR 


BY LIGHTS IN' AIR-CONDITIONING DUCT OF COACH. 

tion. Patients cannot be exposed continu¬ 
ously to direct irradiation, but can be sepa¬ 
rated by light curtains in front of, and light 
ceilings above, the cubicles (Pig. 2). Less 
than one per cent of test organisms in droplet 
nuclei pass good barriers on ventilating 
currents. Direct irradiation of the eyes is 
avoided by placing the fixture so as to clear 
the heads of the personnel passing through 
a curtain and the momentary exposure of the 
skin is negligible, burns being evidence of 
neglect of ward discipline. 

Direct irradiation cannot be generally ap¬ 
plied outside the hospital, but dilution of 
air-borne infection by recirculation of irra¬ 


diated air will be the sanitary equivalent of 
ventilation with an equal, volume of fresh air 
(Fig. 3). The rapidity of recirculation deter¬ 
mines the effectiveness of sanitary ventilation 
by lights in a duct; if the velocity were in¬ 
finite the effectiveness would equal that pro¬ 
duced by the same amount of irradiation dis¬ 
tributed uniformly throughout the room, 
since the effect of passing air through Light is 
the same as that of passing light through air, 

Sanitary ventilation by indirect irradia¬ 
tion depends upon the natural circulation 
between the occupied and irradiated zones. 
Effective circulation can be computed from 
the average death rate of test organisms 
atomized into the room. Unless wall fixtures 
(Fig. 4) are specially designed to reflect light 
horizontally into the middle of the room, 
central fixtures (Pig. 5) will take fuller ad¬ 
vantage of the natural circulation. "Radia¬ 
tion losses in reflectors required to give wider 
distribution of irradiation may be compen¬ 
sated by the longer horizontal rays. Bac¬ 
teriological measurement has demonstrated 
that sanitary ventilation rates ten to twenty 
times standard winter ventilation (hut less 
than a tenth of those obtained by direct, ir¬ 
radiation of an operating room) are prac¬ 
tically attainable by indirect irradiation, of 
typical schoolrooms. 

Control of the dynamic spread of droplet 
nuclei contagion among aggregations of well 
persons does not, however, require the rigid 
measures demanded in the prevention of 
static dust-borne hospital cross-infection. 
The fortuitous presence, in the atmosphere, 
of infected dust depends more upon the ac¬ 
tivities of persons in a room and the nature 
of the processes which lift surface accumula¬ 
tions into the air than upon the immediate 
presence or condition of an infective person. 
The chance of a coarse particle sedimenting 
on an unprotected tissue or being entrapped 
upon the linings of the nose arid throat is 
further limited by the large settling velocity, 
which removes them quickly from the atmos¬ 
phere until again stirred up. For dust, air 
is but a vehicle of transit rather than a more 
permanent suspending medium. 

The pathologic pattern of experimental in¬ 
fection has recently been found to be affected 
by the size of inhaled particles, and cross- 
infection of the nose and throat might easily 
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FIG. 4. INDIRECT IRRADIATION OF BOIIOOLROOM BY WALD FIXTURES 


result from infected dust particles which, be¬ 
cause of their size, do not travel farther into 
the respiratory tract before lodging. The 
spread of dust-borne respiratory infections 
more closely resembles the spread of intesti¬ 
nal infection ingested by the fortuitous con¬ 
tamination of a common source of food or 
water. Outbreaks of both cease when un¬ 
natural chains of parasitic communication 
independent of the afflicted aggregation are 
broken. 

The aerobiologie conditions which deter¬ 
mine the mechanism of spread of air-borne 
parasites from person to persons sharing en¬ 
closed atmospheres and from an exposed ag¬ 
gregation to other aggregations describe, on 
the other hand, a distinctly different phenom¬ 
enon. This dynamic mechanism of spread 
from individuals to aggregations and among 
aggregations yields an epidemic pattern of 
spread of air-borne infection which has been 
characterized since early times as contagion. 
So long as a contagions case is present in a 
room, susceptible persons can “catch’’ the 
disease by breathing nuclei expelled in 
coughing, sneezing or even talking, as most 
nuclei float until removed by ventilation. 


To keep warm in cold weather, people 
gather indoors and indulge in social ex¬ 
change of friendly parasites. Most persons 
try to avoid “contact.” with contagious cases, 
but carriers of pathogenic organisms may 
show no recognizable symptoms or may be 
infective before symptoms appear. At some 
time during a winter everyone shares con¬ 
fined atmospheres with infective persons, and 
in turn exposes others if he becomes infected. 
Respiratory contagion is thus self-propagat¬ 
ing, waxing like fire until the supply of sus¬ 
ceptible persons is insufficient to maintain 
the case rate or until it is interrupted by sea¬ 
sonal changes in conditions of spread, as 
when summer ventilation dilutes the atmos¬ 
pheric contamination per person. If summer 
ventilation is sufficient to cause this inter¬ 
ruption, it is logical to assume that sanitary 
ventilation, however practically obtained, 
would be as effective in the winter when 
respiratory contagion is at a peak. 

This dynamic nature of air-borne conta¬ 
gion may be illustrated by a hypothetical 
classroom epidemic of measles. Suppose, for 
instance, the ventilation dilutes the atmos¬ 
pheric infection from a child coming down 
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FIG. 5. SANITARY VENTILATION OF ROOM 

UPPER AIR IRRADIATION * BY CENTRAL FIXTURE. 


with, measles until only one susceptible class¬ 
mate in twelve catches the disease. Then 
in a class with six susceptible children ex¬ 
posed to this child we should expect only 
half a secondary case, or two cases for each 
four similar rooms. These two cases in the 
first generation would lead to only one :in the 
next, and the measles would die out in spite 
of the fact that 21 children remain suscep¬ 
tible. Apparently the dynamic spread of air¬ 
borne contagion is possible only above a crit¬ 
ical, or threshold, atmospheric density of 
snsceptibles at which contagion spreads en- 
demieally and below which it is sporadic. 

Had there been 24 susceptible children ex¬ 
posed in a classroom the ventilation per sus¬ 
ceptible child would have been reduced four¬ 
fold because of the fourfold increase in 
atmospheric concentration of snsceptibles. 
“Within two weeks after exposure we should 
expect two new -cases among 23 exposed class¬ 
mates. Assuming reciprocity between the 
degree of exposure and the number exposed, 
we should expect in the second generation 
four new cases from the 21 pupils still re¬ 
maining *suseeptible when -exposed to these 
two new eases; and again in the third gene¬ 
ration we should expect by the same ratio five 
new cases among the 17 remaining suscep¬ 


tible, and again five in the fourth generation, 
three in the fifth and one in the sixth. The 
class epidemic would have ended by the 
seventh generation with only three children 
remaining susceptible. Tims with a ventila¬ 
tion threshold for 12 susceptible children per 
classroom, we find among 11 children remain¬ 
ing susceptible in the third generation, five 
became infected when exposed to five cases. 
In general, threshold sanitary ventilation is 
deducible from the number of snsceptibles 
sharing the air supply when an epidemic has 
reached its peak and begins to decline. 

Of course, so simple an example cannot 
explain so complex an ecological phenomenon 
as the epidemic spread of contagion involving 
the behavior of a parasite, the response of a 
host (both conditioned by innate and ac¬ 
quired characteristics), and intricate modes 
of transmission between and within human 
aggregations. Moreover, the existence of an 
infection and its spread among human aggre¬ 
gations is not always clinically apparent, a 
fact which impedes the study of epidemic 
contagion. Karel y can experimentally ideal 
conditions of spread he realized, even with a 
single classroom, and consideration of the 
commerce in contagion through the intricate 
network of confined atmospheres which con¬ 
stitute a community is based upon the con¬ 
cept of a composite atmosphere. Wilson, 
says, regarding epidemic analysis: “They 
are all based on the assumption, often tacit;, 
that one is studying a phenomenon in a 
homogeneous group constantly and homo¬ 
geneously exposed. This is not the case in a 
large city or a small state—the epidemic 
travels around, as we all know, and until the 
mathematicians can give us a theory which 
includes propagation in space over time, they 
cannot expect to have a satisfactory quanti¬ 
tative explanation. ’ 7 

Nevertheless, if threshold sanitary ventila¬ 
tion is the common denominator of the dy¬ 
namic spread of air-borne contagion, it is 
possible to approach the problem of air disin¬ 
fection experimentally, when simple exam¬ 
ples of pure parasitism are chosen. In 
measles, for instance, infection produces a 
clinical picture. Persons are not naturally 
resistant to infection, but from it they do 
acquire lasting immunity. It is therefore 
possible to determine readily the number of 
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persons within a group at a given time who 
are susceptible to this disease. The infection 
goes through a characteristic incubation 
period in human beings. This enables us to 
determine from the date on which the disease 
becomes clinically visible the approximate 
date at which effective exposure occurred, 
and to observe the chain ol ! infections, thus 
locating the aggregation within which ex¬ 
posure occurred. Clustering of cases within 
a particular aggregation may further indi¬ 
cate the degree of exposure to a common 
infected air supply. 

Under favorable conditions statistical ex- 


number of suseeptibles infected during this 
time interval. If an epidemic is primarily 
air-borne, this means that the rate at which- 
the air becomes infected depends also upon 
the rate at which suseeptibles become in¬ 
fected by the air. The latter, however, de¬ 
pends upon the rate of removal of infective 
material from the atmosphere by sanitary 
ventilation. Therefore, the volume of air 
change in the particular atmosphere per 
susceptible per minute, or the equivalent re¬ 
moval of infection by disinfection, which for 
purposes of convenience has been called “at¬ 
mospheric density of suseeptibles , n is an 
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pression may be given to the probability of 
contact in air-borne infection. This will de¬ 
pend, at a given moment in time, upon the 
presence in a given, atmosphere of a certain 
concentration of infective material and a cer¬ 
tain concentration of susceptible persons. 
The concentration of infective material varies 
according to the rate at which infective or¬ 
ganisms are projected into, or removed from, 
the atmosphere. Other factors remaining 
uniform, the rate at which infective material 
is contributed to the atmosphere by infected 
persons who have reached but not yet passed 
the infective stage depends largely upon the 
duration of this stage of the disease and the 


important determinant of the rate of spread 
of air-borne infection. 

Now, to study the dynamics of an epi¬ 
demic of measles we turn to the school, for, 
in a small community, childhood contagion 
is focussed in the school; also, we can deter¬ 
mine from school records which children are 
susceptible to, and which are immune from, 
infection. If classroom aggregations of 
roughly similar numbers in a school popula¬ 
tion are exposed for equal periods under 
similar conditions of ventilation, the atmos¬ 
pheric density of suseeptibles varies in pro¬ 
portion to the percentage of suseeptibles in 
each aggregation, If we describe contagion- 
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spread in terms of percentage susceptibility, 
the point of inflection marks a threshold 
density of suseeptihles. 

The proportion of children in the German¬ 
town Friends School and the Swarthmore 
Public Schools susceptible to measles during 
the 1941 epidemic has been plotted on Fig. 6. 
The proportionate decline in percentage of 
susceptible pupils in the unirradiated high 
schools (lower curve) and the irradiated pri¬ 
mary schools (upper curve) approximates 
closely to Wilson’s epidemic curve. The 
points of inflection on these curves mark the 
proportions of children remaining suscep¬ 
tible when the epidemic peak has been 
reached, and therefore would indicate the 
proportions provided with threshold venti¬ 
lation if the cases resulted from exposure in 
the same atmosphere. 

Actually the curves represent the spread 
of contagion through the communal groups 
attending the schools, but since secondary 
classroom incidence dominated the epidemic 
among the children in unirradiated rooms 
this value really indicates threshold ventila¬ 
tion. It appears that for 30 cubic feet of air 
per minute per pupil (Pennsylvania Code), 
only one-fifth of the children are provided 
with threshold sanitary ventilation; indi¬ 
cated by the opening of the window at the 
right if: a wide-open window (Ungram¬ 
matically represents threshold ventilation for 
ten pupils. The window opening at the left 
indicates threshold ventilation for 56 per 
cent of the pupils but, since this resulted 
from community rather than classroom ex¬ 
posures, it can be assumed that irradiation 
provided threshold ventilation for all the 
pupils, as could be indicated by a wide-open 
window. To provide this ventilation with 
outside air would be impracticable during 
cold weather, but an equivalent amount of 
sanitary ventilation by indirect irradiation 
has checked the dynamic classroom spread of 
childhood contagion during the winter in one 
school for seven years and in two other 
schools for four years. Meanwhile these an¬ 
cient diseases have pursued their familiar 
course in adjoining schools. 

Of course irradiation of one atmosphere 
cannot protect the members of an aggrega¬ 
tion against exposure in other atmospheres, 
and the protection afforded by the lights will 


become manifest only when exposure in the 
irradiated atmosphere constitutes a domi¬ 
nant proportion of total exposures, or if 
secondary incidence can otherwise he identi¬ 
fied. The principal, reason why measles, 
mumps, and chicken pox among school chil¬ 
dren provide such, good indices of the hy¬ 
gienic effectiveness of air disinfection is 
largely that the incubation period enables 
the identification of secondary classroom in¬ 
cidence with a high degree of probability. 
Thus was epidemic spread of mumps in ir¬ 
radiated classrooms during the autumn dif¬ 
ferentiated from the more endemic spread 
through the community after ('lass sec¬ 
ondaries had been chocked by cold weather. 

Early in the school session, before heating 
reduced indoor humidity, a case of mumps 
exposing the third grade of the College Ave¬ 
nue School (Swarthmore) detonated an ex¬ 
plosive accumulation of suseeptihles. On the 
second and third generations, synchronous 
epidemic waves were initiated in the first and 
second grades, respectively. With onset of: 
cold weather, epidemic classroom spread de¬ 
clined, but waves of decreasing amplitude, 
fanning out on an ever-widening front, smol¬ 
dered endemically among the susceptible 
population of Swarthmore during the re¬ 
mainder of the season. 

The endemic harvest in tin* community, 
sowed by the school epidemic, seems to indi¬ 
cate a social, or communal density of sus¬ 
ceptible# analogous to threshold ventilation 
in a single atmosphere. Without the stimu¬ 
lus of school outbreaks it seems hardly likely 
that mumps could spread so widely outside 
of the school in the community of Swarth¬ 
more. The spark of a similar episode during 
the fall of the present year was quenched by 
the quarantine of the class first exposed, a 
possibility during the limited critical period 
of high humidity, even though generally im¬ 
practicable in school administration. 

Moreover, the cessation of epidemic class¬ 
room spread is difficult to explain except by 
a change in the mode of spread, the large 
number of extra-class eases disproving any 
change in susceptibility of the children or the 
virulence of the virus. Sub-threshold sani¬ 
tary ventilation which would account for the 
change from epidemic classroom spread to 
endemic community spread can, however, be 
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readily explained by the lower efficiency of 
radiant disinfection during mild, moist, au¬ 
tumn weather. 

Where infection confers lasting immunity, 
the cumulative effect of sanitary ventilation 
can be determined from school records. 
Tims the higher average susceptibility of 
pupils in irradiated schools compared with 
the normal susceptibility of children in simi¬ 
lar xmirradiated schools provides indepen¬ 
dent evidence of the reduction of classroom 
spread. A reduction of one-third of total 
cases of measles whore half were contracted 
outside the school corroborates the reduc¬ 
tion of two-thirds of the class secondaries, 
as shown by secondary attack rates. Gen¬ 
erally in rural communities where conta¬ 
gious epidemics focus in the school, outside 
exposures constitute a minority, but in urban 
communities where exposure outside the 
classroom is sufficient to maintain the en¬ 
demic spread of contagion and even in 
heavily seeded suburban communities, extra¬ 
mural exposure will mask school protection. 

Picken has emphasized that, so far as the 
administrative control of measles is con¬ 
cerned, “any measures for this purpose must 
have regard to the channels of infection. 
Children, are infected in their Jinnies or at 
school or at random.” And he has pointed 
out that in rural areas the school plays a rela¬ 
tively greater role in the dissemination of 
infection than in urban communities. In a 
rural area, measles spread first in the school 
and was then carried home to the younger 
children, the curve of school cases and home 
cases following the same pattern with a time 
lag corresponding to the incubation period; 
in the urban district, on the other hand, op¬ 
portunity for exposure was not thus limited 
to the home and the school, random infection 
playing a greater role. Pieken comments: 
“Clearly it would be difficult to control an 
epidemic of the latter type by efforts directed 
at the school. Random infection plays too 
large a part. On the other hand, the epi¬ 
demic traced in Chart I indicates that con¬ 
trol through schools may be possible.” 

The interlocking network of aggregations 
in which the children become infected with 
childhood contagions is largely restricted to 
those consisting of children. Multiple ex¬ 
posures to colds, on the other hand, obscure 


the benefit of preventing single infections. 
To the network of childhood aggregations in. 
which infection may be spread must be added 
those shared with adults; and home aggrega¬ 
tions especially become relatively more im¬ 
portant. Immunity being temporary, a ma¬ 
jor fraction of the community lmrbor colds 
in winter, and this large reservoir of infec¬ 
tion makes frequent, exposure outside the 
school inevitable, and identification of sec¬ 
ondary incidence within the school impos¬ 
sible. Under such circumstances, incidence 
is evidence of susceptibility rather than 
infection. 

The complications which arise in a study 
of the prevention of air-borne infect,ion in a 
school, are thus compounded in the com¬ 
munity at large. Sanitary ventilation of 
isolated atmospheres in an industrial plant, 
office building, department store, movie, 
transportation system, or any of the various 
atmospheres within which pimple congregate 
during the winter may individually accom¬ 
plish. comparatively little until air disinfec¬ 
tion becomes a general procedure. Not; until 
these different irradiated atmospheres begin 
to knit, so that a person going about his daily 
affairs is covered by threshold sanitary venti¬ 
lation during the winter, will reduction in 
respiratory contagion fully measure air¬ 
borne infection, as water-, food-, and milk- 
borne intestinal infection and insect-borne 
infection by blood parasites were evaluated 
by the general adoption of sanitation. We 
may reasonably hope that coverage with 
threshold sanitary ventilation will then 
bring about the same freedom from respira¬ 
tory disease in the winter that we now enjoy 
in the summer. If this proves true, the 
adaptability of radiant disinfection of air 
promises a simple and economical method of 
providing threshold sanitary ventilation to 
a community. 

The environmental control of epidemic air¬ 
borne contagion thus reduces in the last anal¬ 
ysis to a problem in public health. The 
tactical problem of providing threshold sani¬ 
tary ventilation by radiant disinfection may 
be solved by conversion of lethal irradiation 
into the hygienic equivalent of ventilation. 
The distribution of irradiation within en¬ 
closed spaces depends upon the length of the 
rays between the source and the point at 
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winch they disappear from the atmosphere, 
as determined by their position, and direc¬ 
tion. Average intensity of irradiation cor¬ 
responding to the concentration of d is in foe-, 
taut in chemical disinfection, is given by 
dividing the product of radiant, flux and 
mean ray length by the volume of the en¬ 
closed space. This value, divided by the 
maximum uniform intensity obtainable from 
the radiation in a cubic space of the same 
volume or mean ray length divided by the 
cube root of the volume might be called the 
efficiency of irradiation. 

Maximum disinfection of an enclosed space 
would be achieved if average intensity of 
irradiation were uni fonnly distributed 
throughout the entire space. In practice, 
however, it may not be feasible to expose 
occupants to the intensity required to dis¬ 
infect. The amount of disinfection through¬ 
out the room, for a given average intensity 
of irradiation, is dependent upon circulation 
of the bacteria from the occupied through 
unoccupied zones. The average disinfection 
actually achieved can be determined by bae- 
teriologie tests, and the fraction that this 
represents of the maximum, which is theoret¬ 
ically obtainable, can be computed. This 
fraction might be called the efficiency of dis¬ 
infection and depends, inter alia , upon the 
efficiency of irradiation. 

The principal purpose of bacteriologic 
tests is to determine the average rate of 
disposal of significant air-borne organisms 
from the room by sanitary ventilation. Un¬ 
der special circumstances, as in isolation by 
light curtains, protection may exceed the 
average disinfection as defined by these tests. 
In general, however, the concentration of 
light in regions away from the occupants will 
result in less removal of organisms en route 
from person to person than by average dis¬ 
infection in the room. The efficiency.of ir¬ 
radiation and disinfection may indicate the 
extent to which protection to the occupants 
differs from that shown by the average dis¬ 
infection found by bacteriologic tests. 

The interpretation of these sanitary in¬ 
dices is based upon a correlation with epi¬ 
demiologic indices of contagion spread. It 


has been found in simplest cases, such ns 
schoolrooms, that, with low efficiency of ir¬ 
radiation and disinfection, higher average 
disinfection would he required to accomplish 
approximately equal protection against cl ass- 
room spread of certain childhood contagions. 
It was therefore proposed that the hygienic 
rating of disinfection be, raised as the indices 
of irradiation and disinfection efficiencies 
are increased by good design. The accumu¬ 
lation of epidemiologic experience based 
upon installations with known sanitary in¬ 
dices should enable the sanitarian to specify 
threshold sanitary ventilation in engineering 
terms, to determine by sanitary analysis the 
hygienic efficiency of particular installations, 
and to subject practice to laboratory controls. 

The resultant communal density of sus¬ 
ceptible persons within a network of atmos¬ 
pheres which interlock through social con¬ 
tact may be reduced below a communal or 
social threshold by covering focal aggrega¬ 
tions by threshold sanitary ventilation. The 
strategy of covering important communica¬ 
tion centers of contagion is an administrative 
problem. .Radiant disinfection of air may 
serve as a useful epidemiological tool for lo¬ 
cating these key aggregations by the process 
of elimination. Because, the spread of child¬ 
hood contagion is largely limited to an ago 
stratum, the school can be shown to be an 
important vector in the spread of air-boruo 
contagion through rural communities. Per¬ 
haps the control of multiple infections could 
be demonstrated by covering all major aggre¬ 
gations in a small community with threshold 
sani ta ry ve n t i 1 a t i o n. 

The ultimate goal of sanitation set by 
Lemuel Shattuek a century ago is to guaran¬ 
tee to members of society the same freedom 
from communicable disease enjoyed by iso¬ 
lated individuals. Water purification, milk 
pasteurization, and pure food administration 
during the present century have added sev¬ 
eral years to the expectancy of life at birth. 
Does the control of respiratory infection by 
sanitary ventilation seem more difficult to 
sanitary science than the conquest of intes¬ 
tinal and insect-borne parasites seemed at 
the turn of the century? 



A NATURALIST’S GLIMPSE OF THE ANDES 

By KARL P. SCHMIDT 


The great Mountain wall of the central 
Andes extends for almost the whole length of 
Peru, isolating the desert coastal plain from 
the great interior valleys and from the vast 
Amazonian forest beginning at the eastern 
foot of the mountains. The Andean uplands, 
broadening out in sout hern Peru and Bolivia 
into an interior plateau more than 12,000 feet 
above the sea,, form an American counterpart 
in physiography and climate to Tibet. Long 
accessible by rail, these highlands are now 
reached also by automobile and airplane. 
The ancient .Inca capital of Cuzco, in the 
heart of the Andes, and the blue waters of 
Lake Titicaca, at the very center of the pla¬ 
teau region, will long continue to attract a 
host of tourists, For the naturalist the 
Andean highland is fascinating for its sur¬ 
prising wealth of animal life adjusted to a 
bleak climate and rarefied atmosphere. That 
this region, in spite of its rigorous climatic 
conditions, has been the center of an agri¬ 
cultural civilization adds an element of 
human interest; here the Peruvian Indians 
made their unique contributions to the 
domestication of animals and to the cultiva¬ 
tion of plants. There have been recent ex¬ 
peditions from the agricultural-research or¬ 
ganizations of both Great Britain and .Russia 
solely to collect the native varieties of the 
potato in their original home. Oxford and 
Harvard Universities have sent expeditions 
to study the extraordinary physiological ad¬ 
justments of the Indians to the rarefied at¬ 
mosphere. 

The objectives of a scientific mission from 
the Chicago Natural History Museum in 1939 
were at the level of a broad interest in natu¬ 
ral history. It was our purpose to make col¬ 
lections of the animal life of southern Peru 
as part of our long-continued program of 
descriptive and geographic studies in the 
Andean region. My colleague, Colin C. San¬ 
born, and I, with my son John as assistant 
trapper and preparator, among other duties 
in Peru in our 1939 expedition, had a very 
definite errand in the search for two small 
mammals, which we promptly began to call 


the “chocolate mouse” and the “coffee rat.” 
These two distinctive small rodents, one 
mouse-size, with a chocolate-red coat, and 
the other as large as a rat, with coffee-col or cd 
fur, are so sharply confined to the upper 
levels of the southern Andes of Peru and 
to the Bolivian Plateau that they provide 
veritable index forms for this geographic 
province. The two species had been discov¬ 
ered by an English collector, at about the 
turn of the century, in the remote Cailloma 
Valley, and our chief in the Chicago Natural 
History Museum, Dr. W. XL Osgood, had 
often envied the British Museum collection 
the possession of specimens of these suppos¬ 
edly rare forms, since neither in our museum 
nor in any other American collection were 
they available for study. Thus it was that, 
en route for southern Chile and Tierra del 
Fuego to complete the Museum’s survey of 
Chile for birds and mammals, we were com¬ 
missioned to spend a preliminary six months 
in Pern, and, as the most certain way in 
which to acquire our two little rodents, to 
go to the very Cailloma Valley from which 
they were already known, I hasten to say 
that our objective was not merely to add 
these two species to our collection as a stamp 
collector adds novelties to his album, but also 
to learn more about their conditions of life, 
to obtain specimens of the associated species, 
and especially to extend the knowledge of 
their geographic distribution. The pursuit 
of such small game (equally with large) is 
part of the great and noble effort of museum 
naturalists to describe the life of the world 
in accurate geographic terms—a project 
begun before the time of Linnaeus but still 
scarcely more than outlined, with the details 
remaining to be filled in for many-parts of 
the world. 

Our collecting in Peru began early in 
August in the vicinity of the city of Are- 
quipa, which we reached by truck from Lima 
over a newly-opened highway. We thought 
it prudent to acclimate ourselves somewhat to 
higher altitudes before venturing to the 14,- 
000-foot valleys that were our real objective. 
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MOUNT MISTI OYER THE HOOP TOPS OP APEQUIPA 

THE PERFECT CONE OF THIS VOLCANO RISES NEARLY 20,000 FEET UICUI, ONE OF MANY SUCH PEAKS IN PERU. 


Arequipa is situated at about 8,000 feet above 
sea level on an irrigated outwash plain domi¬ 
nated by magnificent snow-capped volcanos 
—Chftchani to the north, with its jungle of 
peaks left from some stupendous explosion 
of past ages; the perfect cone of Mount Misti 
to the northeast, nearly 20,000 feet high; 
and the fiery red rocks of Fichu Fichu to the 
east. Convenient collecting stations are 
available in the vicinity of Arequipa at the 
various “spas”—Soeosani, Yura, and Jesus, 
whose names are familiar throughout Peru 
because all three bottle their mineral water 
for nation-wide distribution. The barren¬ 
ness of the coastal desert is only a little re¬ 
lieved at Arequipa; the city itself lies among 
'green irrigated fields, but over the wall from 
such fields the vegetation is still that of a 
true desert, with sparse, low, thorny bushes, 
candelabra cactus, and a few hard-stemmed 
grasses, with much bare ground between the 
individual plants. The mammals that came 
to our traps were the big-eared and sand- 
colored mouse PhylloUs and the c%% } the wild 
gray guinea pig. We set up a lizard mar¬ 
ket, as is the custom of naturalists, and found 
the small boys as expert with slingshot as 


they are the world over. It was curious to 
find again the superstition that the little soft- 
skinned and big-eyed lizards known as geckos 
are deadly poisonous. No amount; of demon¬ 
stration of the harmlessnesK of a live gecko 
could convert our lizard catchers from this 
baseless fear. When I refused to accept ad¬ 
ditional specimens unless they were brought 
carried in the hand, t he How of geckos ended. 

Finding ourselves “broken in” after ten 
days on the slopes of; Mount Ohachaui, at the 
Yura hot springs, we continued our journey 
into high altitude via the Southern Railway 
of .Fern. Provided with an invitation from 
the officers of the Oailloma Mining Company, 
we were carried comfortably enough to the 
memorable discomforts of Bombay, at 13,400 
feet, the junction point for the mining trucks 
that were to take us to the Oailloma Valley. 
The village is a collection of stone-walled 
huts and llama corrals, with repair sheds for 
the heavy trucks. While arranging for our 
further transportation, we had an effective 
introduction to the climatic zone in which 
we were to live for some weeks. Fortunately, 
for our project, we all three found that we 
could go about the museum collector's busi- 
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news at this altitude, with shotgun and bag of 
traps, with no great distress, and certainly 
without the nausea, nosebleed, or the more 
frightening bleeding from the ears of the 
soroche , the “mountain sickness, ” which may 
overtake lowlanders at about this altitude, 
even when sitting quietly in a railroad coach. 

The Peruvian Andes differ strikingly from 
our North American Rocky Mountains in the 
absence of a timbered zone. The excessive 
barrenness of the rocks and sands of the nar¬ 
row Pacific coastal shelf is a little relieved 
between 6,000 and 10,000 feet, but this zone 
is still technically desert, with wide areas of* 
bare ground between the low woody plants, 
the cacti, and the stiff grasses that form the 
vegetation. When an altitude with increased 
precipitation is reached, “timberlm©” has 
already been passed. The sequence of zones 
is low desert, high desert, and, above about 
12,000 feet, the better-watered puna. 

Llamas, absent on the coastal plain, were 
still a novelty at Arequipa. At Sumbay they 
dotted the mountain slopes, and llama pack 
trains were to be seen daily, always with an 
Indian man or woman attendant The In¬ 
dian drovers were invariably engaged in 
knitting, or in spinning with the Peruvian 
drop-spindle. The fact that such an activity 
is essential to those who are at home in the 
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highlands became apparent as we made our 
own more intimate acquaintance with the 
rigors of the climate. The most insistent cli¬ 
matic characteristic at these heights is, in 
fact, the penetrating cold, relieved by the 
sun for only a few hours during the middle 
of the day; a chill strikes to one's bones 
when one enters the shadow of cliff or hill 
or the artificial shadow of the stone huts, 
This chill becomes even more pervasive at 
night, when we found it impossible to keep 
warm even with our considerable supply of 
blankets. We promptly acquired an appre¬ 
ciation of the stove as a bedroom accessory; 
and we were to make the acquaintance of a 
variety of fuels as characteristic of the high¬ 
land as its remarkable animal life. 

Next to the llama the most conspicuous 
addition to our Peruvian animal acquain¬ 
tances at Sumbay was the mountain vizeaeha 
(of the genus Lagidium,), a rodent as large 
as a rabbit but with a long tail carried 
slightly upcurled at the tip and with a ridge 
of longer hair along the upper side. This 
animal is characteristically “petricolo ,” a 
dweller among rocks. It makes agile leaps 
from one rock to the next but will take 
ridiculously long detours to avoid any ex¬ 
tended journey over soil Specimens of the 
vizeaeha were desired in order to correct the 
classification of a superfluity of supposedly 
distinct forms named from scattered and in¬ 
adequate collections. These animals (mostly 
acquired by means of a .22 caliber rifle) 
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BOOK SLIDE IN THE CAILLOMA VALLEY, WITH LLAMA (!OBUAL AT IUMK 
OMK or THE owns RAT" ( ChinohUMa ) and vim mwmc “cuocoutk mow#!" (Akodon pMutnimw) 


proved to be difficult to skin, the more so as 
our finder’s became stiff with cold. When 
we sat down to skin after the morning's hunt 
our noses promptly began to drip at a rate 
that apparently bore some measurable in¬ 
verse relation to temperature. The flesh of 
• the vizcaeha was an item of especial interest. 
The food at the little inn that sheltered us 
consisted mainly of the inevitable highland 
chupe,, a thin soup made with the bones 
of a llama or sheep, a little potato, and slices 
of corn on the cob. Imagine our disgust to 
find that the Indians of Sumbay refused to 
cook the good meat from our vizcachas, of 
which we preserved skins and skeletons, be¬ 
cause we did not cut off the tails. It ap¬ 
peared that the tail, especially its tip, is 
supposed to contain a deadly poison that in¬ 
fects the whole carcass if not cut off immedi¬ 
ately when the animal is killed. The herbi¬ 
vore vizcaeha and various smaller rodents 
are preyed upon by the Andean fox and by 
a highland wild cat. The puma, which 


ranges along the Andes to Patagonia, was 
little more than a legend at Hum bay. The 
abundant hog-nosed skunk is technically also 
a carnivore, but like its North American 
relatives it subsists mainly on insects. We 
caught our first glimpses of the vicuna, the 
wild relative of the llama, when wc climbed 
the higher slopes. 

On the day set for our departure by mine- 
truck to the Cailloma Valley, we woke to find 
a six-inch blanket of wet snow from which 
our mammal traps had to bo extracted. Most 
of them had fortunately been set under over¬ 
hanging rocks, and our loss of traps was 
small. The road to Cailloma, rising steeply 
from Sumbay, soon took us to the world of 
the puna, (the paramo of the Colombian 
Andes). The puna is the high treeless zone, 
with a vegetation of grasses and stout woody 
shrubs and of herbaceous plants (especially 
Compositae), characterized especially by the 
variety of plants that form rosettes of vary¬ 
ing diameter, A striking index plant of the 
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puna zone is the daisy!ike Werncria, whose 
large yellow or white flowers are flat on the 
ground, while the short stems (in the soil) 
and the rosette of; leaves enclosing the flower 
are densely woolly, as if to protect the plant 
from the bitter cold. The rosette plants 
reach their most extreme development in the 
yarreta , a mosslike umbelliferous plant that 
provides one of the principal fuels of the 
highland. Where the mountain ridges give 
way to a level plateau, shallow ponds and 
lakes are the home of a great variety of 
waterfowl—ducks and geese, grebes and 
coots, great numbers of shorebirds, and, most 
startlingly, flocks of brilliant pink flamin¬ 
gos. Once above 14,000 feet, we had the 
great pleasure of seeing numerous small 
droves of vicunas and even an occasional 
band of a hundred or more. The vicuna is 
a graceful animal, with slender legs and erect 
neck, with a coat of uniform brown wool 
above and a flag of long white hair on each 
side of the chest. This animal was in some 
danger of extermination a generation ago on 
account of the killing of the newborn young 
for their pelts and of adults for their fleece. 



THE GAILLOMA MINE COUNTBY 
ABOVE THE GAILLOMA VALLEY AT 15,000 FEET, THE 
HABITAT OF MANY DISTINCTIVE ANDEAN MAMMALS. 



HABITAT OF T1IE MOUNTAIN VXZGACHA 

THIS LITTLE BABBIT-SIZE RODENT (GENUS Lagtii- 
ium) MAKES ITS HOME AMONG THE BOOKS AT SUM BAY. 

After some years of governmental protec¬ 
tion, the species now appears to be on the 
increase. 

The third Peruvian representative of the 
camel tribe now came prominently into view 
in the landscape. Just as one saw few llamas 
below 12,000 feet, one sees few alpacas below 
14,000. At that altitude the meadows, espe¬ 
cially those of the glacier-scoured valley bot¬ 
toms, with a spongy tundralike mat of vege¬ 
tation, are dotted with the particolored 
alpacas as the drier hillsides are with the 
pasturing llamas. The great abundance of 
vegetation in the puna zone is plainly con¬ 
ditioned by the abundant water supply; not 
only is there almost daily precipitation, but 
the snow-covered slopes above the 16,000- 
foot snow line insure a year-round supply to 
the rivulets and larger streams. 

On our arrival at the Cailloma Valley we 
were made welcome at a guest house, main¬ 
tained by the mining company, which 
afforded as much comfort as can be expected 
in the bleak highlands. The dining room, 
our bedroom, in which we slept on the floor, 
and the disused bathroom that served as our 
workshop and laboratory each boasted a 
small sheet-iron or cast-iron stove. The 
stone-walled building was situated on a ter- 
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race above the rocky stream and below the tare rarely rose to 50°. Small wonder that 
general level of the valley floor. The wide our thoughts revolved greatly about the 
valley bottom was dotted with small ponds problem of fuel supply. While the Indians 
and intersected by small rushing brooks seem to manage with only a minimum of fire, 
whose erosive power is cheeked by the mat- huddling inside their heavy woolen clothing 
ted vegetation. Across the main stream and blankets, they have a competent knowl- 
below us the south side of the valley rose edge of the available fuels of the puna, which 
steeply for some 500 feet, the slope studded are, with some geographic variation, yarreta , 
with boulders of various sizes. We set our llama dung, charcoal, and dried sod. Each 
mammal traps beside the large ones (ranging of these has its peculiarities as a combustible, 
downward from the size of a house), and I The yarreta is sufficiently abundant at some 
could roll aside the small ones in search of localities to be broken up into blocks a foot 
lizards, beetles, and other small creatures, or two square for transport to Arequipa. It 
The stone walls of the various corrals for grows in green circular or irregular mounds, 
llamas and alpacas also proved to he favor- sometimes many feet in diameter, two or 
able sites for our rodent trapping. three feet high. Such masses are pried up 

The morning sun was usually sufficient to from the ground, broken into pieces, and 
melt the thin cover of snow that frequently stacked up to dry. The larger pieces break 
fell during the night or sometimes persisted up into wedge-shaped chunks with which a 
from the afternon hail and sleet. A sudden small stove may be fed, and we soon acquired 
afternoon storm came regularly at about a healthy respect for it. It bums so violently 
three o'clock, and we found it well to avoid that the stovepipe turns red and the flames 
its.driving hail or at least to have the wind pouring out of a short chimney form a fire 
at our backs on our return to the base. There hazard, while the larger chunks frequently 
was a hard frost at night, with temperatures explode and blow open the stove doors and 
ranging down to 14° P. Midday tempera- dampers. When yarreta is scarce, llama 
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(lung' is supplied as the most readily avail¬ 
able substitute. The llamas and alpacas of 
the open pasture have the custom, fortunate 
for the Indian fuel gatherer, of congregat¬ 
ing for the night and, even within their night 
aggregations, of depositing their dung pel¬ 
lets (which are like those of sheep) on piles 
that often have, an astonishingly regular dis¬ 
tribution. The wild vicuna has the same 
habit. The quite odorless llama pellets 
reached us in large sacks. The management 
of flic stove fired with this fuel was a good 
deal of an art; if this is once learned, a very 
satisfactory fire can be made, but there is no 
danger to the roof from this fuel. We found 
llama dung 1o be the principal fuel used at 
the mine to dry the ore concentrate. Char¬ 
coal is the aristocrat of the highland fuels. 
It is made from the thick roots and stems of 
the larger bushes of slightly lower levels, 
found only at rare localities where special 
conditions permit their continued growth. 
Hod was not brought to us at Cailloma, but 
we found it the principal fuel at the village 
of Junin, where it was to be seen stacked 
up in roofed piles in the dooryard of every 
stone house. It proved to be several times 
harder to keep a fire going with dried sod. 


To live in the rarefied atmosphere at 14,500 
feet for even a few weeks is an extraordinary 
physiological experience for a lowland or. 
Whatever we did had to be done with ex¬ 
treme deliberation. We could walk at; a mod¬ 
erate pace; if we climbed the slopes we had 
to stop for breath at frequent intervals; and 
time out for breath-catehing was necessary 
after rolling over every few stones, 1 had 
an impressive personal lesson as to the close¬ 
ness of the limits of our physiological capa¬ 
cities. While walking along the flume that 
carried water to the power plant of the mine 
below us, I winged a large hawk and saw it 
run toward the flume. To head it off I 
sprinted about twenty-five paces to a small 
bridge of railroad iron that spanned the 
flume, threw myself down, and caught my 
hawk as it was carried down to me by the 
current. At the same moment the blood 
seemed to pound in waves to my temples, and 
I fainted away for what must have been a 
period of some minutes. When I recovered 
consciousness it took several minutes of care¬ 
ful breathing before I could rise to ruv feet 
and again look for my hawk. The indication 
was plain that a few more steps would have 
led to a longer and perhaps a permanent 
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blackout. The fact that every Andean vil¬ 
lage has a soccer field affords a vivid illustra¬ 
tion of the perfected acclimatization of the 
highland Indians, The barrel chests of these 
mountain people are evident; they house en¬ 
larged hearts and increased lung capacity; 
and their blood is phenomenally thick with 
red corpuscles to meet the difficulty of oxy¬ 
gen supply. These Indians do go to lowland 
plantations to work; but they are said to be 
much subject there to respiratory diseases 
and to insist on returning to their native 



PERUVIAN VICUNA 

AlnSO OF THE OAMEO TRIBE, VICUNAS LIVE IN SMALL 
DROVES OK THE HIGH PLAINS AND ARE PROTECTED BY 
LAW. THIS ONE IS A CAPTIVE AT CHUQXIIBAMBILLA. 

highlands after relatively short periods of 
lowland service. The ability of the condor 
to ascend to the greatest Andean heights, 
much above 20,000 feet, and to descend to sea 
level in search of carrion at the Pacific strand 
line affords a natural counterpart, unfortu¬ 
nately with little,practical advantage for us, 
to the great physiological problems set for 
modem aviation by high-altitude flight. 

The higher ridges on both sides of the 
Cailloma Valley were snow-covered, evi¬ 


dently permanently so. There were patches 
of snow at 16,000 feet, and l believe this to 
be very (dose to the snow line, which varies 
through only a few hundred feet during the 
year at this level and latitude. The frogs 
and toads and lizards and snakes are so 
much dependent on warmth, and so obviously 
have their headquarters in the humid tropical 
zone, that one could not expect any great 
variety of species in the puna zone. Actually 
I found only two species of frogs, a single 
toad, and one kind of lizard in the Cailloma 
Valley. On my visit to the mine at the head 
of the valley I found a big male lizard (Lio- 
laemus muUimaoulaius) sunning himself on 
the top of a boulder at the 15,000-foot level 
and felt certain that this must be the altitude 
record for the species. Some days later my 
son and 1 climbed to Lake Villa fro, whose icy 
waters are at 16,000 feet, and there again 
was a Liolaemvs sunning itself only a few 
yards from a patch of snow. This lizard 
proves to be widespread on the highland, It 
escapes the cold of the night by retiring into 
deep burrows in the soil. The frogs and the 
toad and the highland lizard are quite evi¬ 
dently creatures that have become adjusted 
to the cold, and they escape freezing by re¬ 
tiring into burrows or into the water. The 
characteristic gelatinous strings of eggs of 
the toad (Ihifo sphniloxus) were found be¬ 
neath the ice at; Sum bay; and at Cailloma 
I found the eggs of the large black frog (of 
the genus Telmalobhis) attached to the 
underside of a stone at the edge of the river. 
This frog is one of the most characteristic 
creatures of the Andean highland, one or 
another of its various species being found 
everywhere from Ecuador to central Chile 
above 6,000 or 8,000 feet. My principal com¬ 
petitor in the search for lizards was evidently 
the hog-nosed skunk, which no doubt takes all 
such lizards as it finds in the course of its 
digging for insects and insect larvae. Must 
remarkable of the frogs of the puna zone in 
Peru is the giant frog of the larger lakes 
(Bairachophrynun), whose distribution is 
not at all well understood. The common spe¬ 
cies occurs at Lake Jumri, which lies at 14,000 
feet, northwest of the village of Junin. This 
frog is regularly eaten and even comes ocea- 
sionally to the market in Lima. It is abont 
the , size, of our common North American 
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bullfrog, but an average individual would 
weigh much less, as the whole body is re¬ 
markably flattened. The stomachs of the 
Lake Junm frogs were crammed with aquatic 
snails. The highland amphibians and rep¬ 
tiles are so completely adjusted to their ad¬ 
verse climatic conditions that they are now 
limited to the highest inhabitable zone. A 
single species of snake (Tachymenis peru- 
vianus) is abundant at many localities on 
the 12,000-foot, plateau. We found it at 
Juliaca, and Mr. Sanborn later traced it to 
an altitude of 15,000 feet. 

Much more conspicuous and important to 
the life of the highland are the birds and 


343 

the glaciers must have descended several 
thousand feet below the present level of the 
snowfiekls during the relatively recent gla¬ 
cial era. The lakes are formed by the block¬ 
ing up of the drainage systems by glacial 
morainic material, exactly as in the lake 
region of the northern United States and 
Canada or in the Rocky Mountains. The 
food conditions in such high altitude lakes 
reflect the familiar fact that a fauna com¬ 
posed of few species may be represented by 
very large populations of these few. This 
is evidently the case with the PI a nor Im- like 
snails and the few aquatic insects. "Even the 
borax lake at Salinas swarmed with larvae 













THE LLAMA—CAMEL OP THE ANDES 

INDIVIDUALS OF THE MOST VARIED COLORS ARE TO BE FOUND IN EVERY HERD. PHOTOGRAPH BY C. C. SANBORN, 


mammals. Land birds are not especially 
remarkable in general; we were especially 
struck by a large loud-voiced woodpecker 
that could be compared only with a flicker. 
Hawks of various species are fairly abun¬ 
dant, and one has an occasional glimpse of 
the soaring condor. The number of water 
birds is at first astonishing; one soon sees 
that both their numbers of individuals and 
their variety of species are clearly a response 
to the multitude of Andean lakes. These 
were evidently produced by glaciation, for 


of the brinefly, and accordingly it supported 
a rich bird life. 

There are a few shorebirds, such as sand¬ 
pipers and phalaropes, that are apparently 
indistinguishable from the common North 
American forms; other birds are easily recog¬ 
nizable as of familiar types, like the avoeet, 
grebes, and ducks; and still others are much 
less familiar, like the Andean goose, various 
peculiar ducks, and the giant black coot, 
which is the largest of the coot tribe. Most 
surprising of all the highland water birds is 
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the lovely roseate and black flamingo. At a 
distance this bird appears exactly like the 
familiar Bahaman species; it is actually so 
different as to be placed in a distinct genus. 
Across Lake Huarahnarco, a few miles from 
our Gailloma base, masses of their pink 
bodies, raised from the water level by their 
long le^s, appeared like a pink mirage. My 
son and t made a special trip to this lake, at 
15,000 feet, to hunt flamingos, and we hunted 
them all day in a blinding snowstorm. 

It was primarily the mammals that had 
attracted us to southern Peru, and they were 



THE STEMLBSB DAISY (WERNER!A) 

THIS UNUSUAL PERUVIAN PLANT IS AN INDICATOR OF 
THE PUNA ZONE. ITS LARGE YELLOW OR WHITE FLOW¬ 
ERS ARE FLAT ON THE GROUND; STEMS IN THE SOIL. 

especially interesting because almost every 
species is limited to the puna zone and to a 
south Peruvian faunal province. The little 
44 chocolate mouse, 77 named pulchnrimuH as 
the handsomest of its genus ( Akodon ), was 
abundant on the rocky slopes and especially 
along the stone walls of the llama corrals. 
We caught the last specimen of our series 
under the bathtub iu our makeshift labora¬ 
tory. The £4 coffee rat, 77 with its coffee-col¬ 
ored fur, came to our traps among the larger 
boulders; its soft fur is referred to in its 
generic name Chmckillula^ by way of com¬ 


parison with the true chinchilla, an animal 
of the sumo highland zone, now extinct, in, 
most of the Andes. Wo found a. species of 
the mouse PJnflloUs and an allied form very 
similar in appearance neatly avoiding (aim- 
petition, as one was diurnal, the other noc¬ 
turnal. By climbing the sides of the valley 
to the 15,000-foot level, we could often gel a 
glimpse of a small band of vicunas and hear 
the whinnying cry of the stallion. The 
vicuna, with its slender limbs and graceful 
erect neck, looks only remotely like its do¬ 
mesticated relatives, the llama, and alpaca. 
The relationship to the camels is betrayed 
when the animal breaks into its awkward 
roekinghorso gallop. It is one of the major 
privileges of a visit, to Hie highland of Peru 
to see in the Mama ami vicuna the living rela¬ 
tives of the North American camels of the 
middle Tertiary. My son had, in fact, been 
digging up Miocene camel bones in South 
Dakota with a paleontological party Indore 
he joined our expedition. The preservation 
of types recently or even anciently extinct in 
Eurasia and North America, like the camels 
and tapirs, gives the character of strangeness 
to the animal and plant life of the southern 
continents. In a sense, to travel to them is 
to step into tin* past in a time-machine. 

The great wealth of mammals and birds 
in the [Hina contrasts strikingly with the 
poverty of the desert, plain and the lower 
Andean slopes. Not only are there large 
populations of individual species, like the 
mountain vizcacha, the alpaca, and the 
vicuna, but there is also a great variety of 
species whose limitation to the bleak climatic 
zone just below the snow line shows plainly 
that they are adjusted to the low tempera¬ 
tures and that, indeed, they require them, 
The existence of a zone of well-watered soil 
in the highland conditions Hie increased num¬ 
ber and variety of herbaceous plants and 
grasses; these produce a surplus food supply 
for the herbivores; while the great; popula¬ 
tions of the herbivores iu their turn afford a 
surplus available for the carnivores. There 
is an obvious reason, for this wealth of ani¬ 
mal life in the richness of the vegetation that 
serves as their food, here called forth by the 
perennial water supply. Much a flowering of 
the fauna in both species and populations 
suggests a corollary to the principle of natu* 
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ALPACAS PEELING ON THE TIJNDUALII\E VALLEY PLOOR OF THE UAILLOMA VALLEY 


ral selection resulting from 4 * biotic*, pres¬ 
sure ” on animal life as a whole. It is the 
inevitable result of the forees summed up 
in this concept that both plant and animal 
“populations” should expand into any area 
in which a surplus of food becomes available, 
it seems evident that the diversification by 
evolution of plants and animals, whereby 
they art* enabled to pursue food supplies 
(‘veil into unfavorable climates and into ob¬ 
scure and inaccessible niches, is just as much 
a result of “selection pressure.” 

The pursuit of surplus food supplies 
through evolutionary changes that enable 
living things to reach otherwise and pre¬ 
viously unavailable food supplies is self-evi¬ 
dent in such vast steps as the invasion of 
the land by plants, followed by that of ani¬ 
mals, in remote geological ages; in the multi¬ 
plicity of insects that attack every kind of 
food, including each other, with their sharply 
defined food habits and special adjustments 
to special foods; and in such extreme spe¬ 
cializations as those of the termite-eating 
auteater or the nectar-feeding bee. Among 
the insects attacking the excess of plant foli¬ 
age the leaf-mining insect larvae, reaching 
the soft tissue between the surface layers of 
a plant leaf, seem to be especially safe from 
enemies; yet insect evolution has supplied 


special predatory insects that reach even 
these tiny creatures. The striking adjust¬ 
ments of animals to scavenging form another 
illustration of such utilization of Food sup¬ 
plies, as does the entry of commensal and 
parasitic animals into the bodies of their 
hosts. I believe therefore that the wealth of 
life of the puna zone illustrates an all,-per¬ 
vasive law of nature~a law of evolutionary 
utilization of surplus food. The correlation 
between population growth and food supply 
is the familiar theorem of Malthus. That 
the diversification of plants and animals pro¬ 
ceeds by adjustment to new environments 
and to special food habits in response to food 
surpluses is a somewhat parallel evolutionary 
theorem, which perhaps may be offered as a 
corollary to the general theory of natural 
selection. 

The rich and peculiar fauna of wild ani¬ 
mals by no means exhausts the biological in¬ 
terests of the highlands* Quite as interesting 
as the wildlife of the Andes is the extraordi¬ 
nary series of domesticated animals and cul¬ 
tivated plants that have their center of 
development and evidently their origin on 
the Andean plateau. While we were in Peru 
there were two expeditions, one from Eng¬ 
land and one from Russia, collecting native 
varieties of potato. There are more than 
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200 named varieties of this indispensable 
vegetable in the country of its origin, and 
some of these may be of great; importance to 
the northern countries, since they include 
frost-resistant strains. There is a standing 
argument, unsettled as yet, as to whether 
Indian corn originated as a cultivated plant 
in Central America or in Peru. Certainly 
the Peruvian Indians cultivated it long be¬ 
fore the dawn of the Inca Empire. Besides 
these most familiar of the contributions of 
Peru to the resources of civilization, there is 
a variety of edible tubers quite unknown 
elsewhere, like the oca, a member of the 
oxalis family,* and a still greater variety of 
small grains with a general resemblance to 
our millet. The llama and alpaca have 
already been mentioned. They must have 
been domesticated on the highland, from the 
northernmost stock of the wild guanaco, 
which still occurs in extreme southern Peru. 
It has sometim.es been thought that these two 
animals represent separate domestications, 
the llama of the wild guanaco and the alpaca 
of the vicuna. This does not appear to me 
to be at all likely, the divergence between 
the two domestic races being readily explain¬ 
able as due to artificial selection for the pro¬ 
duction of wool in the alpaca and for a gen¬ 
eral service animal in the llama. The dog 
of the Incas apparently came with the ances¬ 
tral Indians from North America (and from 
Asia) and cannot be counted as especially 
Peruvian, but a fourth domestic animal is as 
peculiar to Peru as the llama—the guinea 
pig. The guinea pig, being neither a pig nor 
from Guinea, bears one of the strangest of 
misnomers. It appears to be directly de¬ 
rived from the common wild gray cavy of 
the highland. We found it abundant from 
about 8,000 feet at Arequipa to 14,000 feet 
at Lake Junin. In the village of Junin 
domestic guinea pigs were abundant in the 
stone-walled streets—a varicolored lot, some 
albino, some black, some particolored, mostly 
short-haired, but with an occasional shaggy 
individual. As we approached they ran 
ahead of us, and each ran into the doorway 
of his proper stone hut. 

The fact is that the guinea pigs of Junin 
were so varied in coloration that only an 
occasional pure white one or a pure black 


one could be said to be tike any other, while 
in the wild gray stock of the surrounding 
hillsides every individual seemed to be ex¬ 
actly like its neighbor. The llamas and 
alpacas, free in their pastures, present a 
similar picture of variegation without evi¬ 
dent rule—with white and black and brown 
and particolored and steel and roan indi¬ 
viduals, .It is evident that there is no selec¬ 
tive breeding for any particular color by the 
Indian owners of the animals; and it is 
equally apparent that variety of color and 
color pattern develops without selection. In 
the droves of wild vicuna, on the other hand, 
every individual was of exactly the same 
shade of brown, just as all the wild eavies 
are gray. The vast combination of environ¬ 
mental forces summed up as selection pres¬ 
sure or biotic pressure has forced animals to 
become diversified and to adjust themselves 
to the greatest variety of habitat niches; 
while once so adjusted the same pressure 
apparently operates to keep the resultant, 
species uniform. Protection from predatory 
animals, under domestication, is evidently 
.sufficient to release animals from this en¬ 
vironmental pressure, it will be recalled 
that there is a similar variety of color pat¬ 
terns in our own domestic livestock and that 
intensive selection is required to produce or 
to keep the uniform coloration of a special 
breed. Indeed, 1 might hesitate to mention 
so familiar a phenomenon, but I had some¬ 
how thought of the familiar laboratory types 
of guinea pigs as produced by selection; and 
to find thorn leading a free life in the stone¬ 
walled streets of an Andean village, though 
it should not have been, was a surprise. The 
mottled browu-and-white marsupial euseus 
of New Guinea is the only wild mammal that 
I recall in which there is no uniformity of 
pattern; and in its case, too, somewhat the 
same principle may apply, as this is an 
animal for which the peril from predators 
must be small, since New Guinea entirely 
lacks carnivores. 

My view of the Andes was all too short. It 
afforded a glimpse of a promised land for 
further biological survey, in which, employ¬ 
ing the new roads, our knowledge of the dis¬ 
tribution of animal life in a biotic province of 
unusual interest might be brought to a high 
level For myself, I travel hopefully. 



DISCRIMINATIONS IN FOOD SELECTION 

BY ANIMALS 

By WILLIAM A. ALBRECHT 


The discriminating appetites of laboratory 
animals appear to be manifestations of the 
body demands for particular nutrients, as 
was recently demonstrated by Dr. Curt 
Richter. 1 In his experiments, rats refused to 
eat sugar or fat when their bodies, opera¬ 
tively modified, could not digest these sub¬ 
stances. When they were given increasing 
quantities of insulin, they ate increasing 
quantities of the sugar made available to 
them, for then their bodies could use it. 
They consumed large amounts of solutions 
of different calcium salts when, their para¬ 
thyroids, which control the body's use of cal¬ 
cium, were removed. 

That the appetites of farm animals are 
similar physiological manifestations of their 
nutrition needs is suggested by observations 
of animal choices of feeds and forages ac¬ 
cording to fertilizer treatments of the soils 
on which they were grown, and by the growth 
behaviors of animals when compelled to sub¬ 
sist on feeds they would of choice refuse. 
Farmers have reported observing some seem¬ 
ingly uncanny discriminating selections by 
animals of the same feed plant species, 
according to certain soil areas within a single 
field and between different fields. 

Chemical analyses of crops giving their, 
constituents, as carbohydrates, proteins, fats, 
minerals, and vitamins, are insufficient mea¬ 
sures of their over-all values for animal 
growth, for they have been found to depend 
on the finer differences in the same crop 
resulting from applications to the soil of 
limestone, phosphate, potash, or other fer¬ 
tilizers. When these chemicals are added 
to the first few inches of ground in which 
crops grow in amounts of only 100 or 200 
pounds per acre, as is often done, they are 
diluted by 2,000,000 pounds of soil. Chemi¬ 
cal methods are not sufficiently accurate to 
detect such small differences in the constitu¬ 
ents of the soil, or in the crops that are grown 
on it, although crops are normally better 
even with such small additions of suitable 
fertilizers. But the appetites of animals as 


shown in selecting their feeds depending on 
soil treatments with fertilizers are accurate 
almost to inches in delineating the areas on 
which different fertilizers have been applied. 
Free choice of feed by animals; and more 
rapid animal growth when fed according to 
their choices, arc now being used as refined 
measures of soil fertility. Heretofore the 
fertility of soil has been determined by its 
yields of farm crops per acre, but henceforth 
it may be done from the nutritive values of 
the crops produced. Some particular obser¬ 
vations of the delicacy of animal appetites 
in food selections will illustrate the method. 

When a new, unfenced roadway was put 
through a forest in the Ozark Mountains of 
Missouri, the question arose as to what type 
of tree could be used for roadside planting 
without danger of destruction by wild deer. 
The southern pine was suggested because in 
the adjoining forests the seedlings of this 
tree were not taken as browse by the deer. 
However, when the roadway had been 
planted with southern pines transplanted 
from the well-fertilized soils of the forest 
nursery, the deer that had not been taking 
this same species in the forest came out to 
the roadway and completely stripped the fer¬ 
tilized plantings. 

Greater consumption by deer of the browse 
on areas in the forest receiving heavier nitro¬ 
gen applications has been observed and re¬ 
ported in the Black Kock Forest studies. 3 
Other discriminations by wild animals as to 
quality of vegetation are sufficiently numer¬ 
ous to suggest that there is much to be learned 
about soil fertility by observing the appetites 
of wild animals and their selections of feeds 
according to soil differences. 

Domestic animals, too, are very discrimi¬ 
nating in their choice of foods, but offerings 
of herbage of single species only and the con¬ 
finement of animals by fences prohibit moire 
frequent demonstrations of these abilities. 
There was wisdom in the husbandman's rec- 
847 



3 ' 



tty ('ouriVMii \\\ M. ImiuIchh, 7T.I 

PIG, 1. COW OIIOS.M TITCR GRASS HO AW TO 1IAVW A RALANOWD RATION 

PASTURE ORABSKS IN MI XT PR KB, HU (HI AK BMJKORASS AND WIIITK CLOVER, ARK NOT TAKEN AT UNIFORM KATES. 


ommendation handed down from times past 
that pastures should be of: mixed herbage to 
be most efficient. 

Sweet el over as pasturage is commonly re¬ 
fused by cattle. It is taken by them only 
under compulsion and after the other herb¬ 
age in the fence rows and water courses has 
been completely consumed, Bluegruss and 
white clover as a mixture are a time-honored 
pasture herbage, but even these are taken at 
different rates at different periods in the 
gracing season, demonstrating the unerring 
selections by which the animal balances its 
diet to become sleek and fat quickly in the 
spring. Blucgrass growing tall and of a 
luscious green color in spots where there 
have been animal urines or droppings is also 
refused, as is the highly nitrogenous sweet 
clover. Grass in such fertilized spots con¬ 
tinues to grow taller while the surrounding 
Short grass is eaten shorter. Gan this be due 
merely to the animal's fastidious taste? 

As a test of this question, a part of the 
grass area used in a pasture project was fer¬ 
tilized with nitrogen alone to simulate urine 
addition, This much greener herbage was 
collected and dried along with that of an 


untreated plot adjoining. When those two 
dried harvests were used as the bulk of the 
diet for rabbits hi feeding trials, it was found 
difficult to maintain them on the grass-1 my 
from soil treated with nitrogen alone, Those 
on the hay from untreated soil did much 
better. Sweet clover, too, was fed in a simi¬ 
lar manner and the animals ‘‘starved to it’* 
to compel its consumption did not survive 
long enough to suggest other than the star¬ 
vation interval. These ‘‘destructive’ 1 aspects 
of such feeds normally refused by the animal 
point to the physiological basis for the re¬ 
fusal. They suggest the damaging effects on 
animal growth of our failure to give heed 
to the animal's recommendation 'by its 
choices of feeds according to their beneficial 
physiological effects. 

Most delicate discriminations by beef cat¬ 
tle have been observed by F. M. Poirot, of 
the Poirot Farms in Lawrence Gounty, Mis¬ 
souri. His observations included those on 
animal responses to fertilizer treatments of 
both the cultivated soils and the virgin 
prairies of his extensive farm, “When bar¬ 
ley was needed for autumn grazing and 
drilled with 100 pounds per acre of mixed 
fertilizers, the use of the tractor in wide- 
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sweeping turns left the corners partly with¬ 
out seed and requiring later attention. These 
areas were given separate seedings that 
necessarily included turnings over the areas 
already treated and thus doubled the rate 
of. fertilizer applications on patches of the 
soil near each field corner. When beef cat¬ 
tle were turned into these fields to graze the 
barley in late autumn, they selected and 
grazed out the areas given the double appli¬ 
cations amounting to 200 pounds of fertilizer 
per acre before they look the crop on the 
other parts of the field. This discrimination 
between applications of TOO pounds and 200 
pounds of fertilizer hv eat tie suggests that 
their physiological response by way of taste 
is more delicate and refined than most chemi¬ 
cal tests or oilier measures we have boon 
using in judging the feed values of forage. 

(Jo-operative field trials with Mr. Poirot, 
in 1986, for testing the influence by soil 
treatments on the native flora of the virgin 
prairie set the stage for annual demonstra¬ 
tions of extraordinary animal behavior since 
that year. Surface applications of different 
fertilizers at rates not to exceed 800 pounds 
pur acre of a single fertilizer were made in 
the early spring. The combinations of fer¬ 
tilizers were at the heaviest rate of all, but 
even then at only 600 pounds per acre. All 
treatments were drilled lightly into the soil. 
A goodly list of fertilizer rates was used, and 
a total of five acres at one end of a fenced 
field of 100 acres was covered with these sur¬ 
face applications. Observations of the 
changes in flora and samplings of unit areas 
of herbage for yield and chemical analyses 
were made during the summer. Later in the 
summer hay was made. The hay from these 
five treated acres was mixed with that from 
twenty acres without soil treatment to make 
one haystack. Three other haystacks were 
amide in the field, each including the hay 
from twenty-five acres without soil treat¬ 
ment. 

In late November each year more than 200 
head of cattle were turned into this field to 
consume the four haystacks. Water and salt 
were provided in an adjoining pasture at the 
end of the row of four haystacks opposite the 
one containing the hay from the area given 
soil treatments. The cattle soon showed their 
keen abilities in selection by daily passing 
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the three haystacks from the untreated area 
and going to consume first the stack in which 
the five acres of hay with soil treatments was 
mixed with that from the twenty untreated 
acres. 

This 100-acre area has had no soil treat¬ 
ments since 1986. May has been made and 
stacked in similar manner annually since that 
year. The cattle, too, have behaved similarly 
each year by demonstrating their first choice 
of the stack containing hay from the soil 
given the fertilizer treatments in 1986, 

When the stack was first laid down for the 
eighth demonstration in 1948, it was too 
small to take the hay from the five acres 
treated in 1936, and all of the bay in addition 
from the twenty acres untreated as custom¬ 
arily put into this stack with it, Conse¬ 
quently, a part of the hay from this untreated 
area was built-on as an extension of the 
stack. The cattle cut this stack in two at 
the juncture of these two stackings by con¬ 
suming first that part which included the 
five acres formerly treated, and by leaving 
unconsumed the end made up wholly of un¬ 
treated hay. They then distributed them¬ 
selves amongst all the stacks in the field, 
including this remnant that had no greater 
lure for them than the untreated hay in the 
other three stacks. 
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lu October 1944 when the cattle were 
turned into the field with the slacks, no frost, 
having come to kill the grass before mid- 
November, the cattle took to the grass and 
not to the hay. They grazed persistently on 
the limited acreage where the soil had once 
been fertilized. When they finally took to 
the hay, they failed to select so pronouncedly 
the stack with a small part of its bulk made 
up of hay from fertilized land. Evidently 
the effects of the fertilizer were still recog¬ 
nizable in the grass, but not in the hay when 
this was diluted in the haystack with, unfer¬ 
tilized hay by a ratio of one to five. Unfor¬ 
tunately, there was no stack made solely of 
fertilized hay to test this question more 
accurately. 

The delicacy of the appetite of the cattle 
is clearly demonstrated by giving considera¬ 
tion to the following factors in the ease. No 
more than 600 pounds of fertilizer was put 
on the surface of the soil. It was subjected 
to an average annual rainfall of 35 inches 
during eight years. Nine crops of hay have 


been removed. The treated hay each year 
was diluted so as to make up only one part 
in five of the preferred stack. And in the 
eighth year the animals were still passing by 
the three stacks from unfertilized land and 
selecting the fourth. By the ninth year they 
were still recognizing the fertilizer effects in 
the grass, but not in the hay mixed with so 
much from soils without treatment. Surely, 
in the light of this evidence the animals’ 
choice must he recognized as a refinement in 
detecting differences in lhe crop coming by 
way of the soil that chemistry as yet cannot 
duplicate. 

Hogs, as grain eaters, point out by their 
selection of food that soil treatments register 
in the differences in the grain, as was demon¬ 
strated in forages by the cattle choices. Mr. 
Virgil Burk, formerly the county agent of 
Johnson County, Missouri, reported the re¬ 
markable discrimination of hogs in “hogging 
down” corn on the farm of Mr. Cliff Long. 
These animals, when turned into a large field, 
went to its opposite end to take grain first 
where the soil had previously been limed; 
and they passed daily through the untreated 
corn in going to and from the water and pro¬ 
tein supplement. 

The hog has long been credited with dis¬ 
criminating ability ns a balancer of its diet 
ft was Professor Kvvanl, of Iowa State Col¬ 
lege, the creator of the self-feeder idea and 
observer of the hog as a balancer of its diet, 
who said, “The pig, if given a chance, will 
make a hog of itself in less time than you 
will.” This uncanny capacity of the hog to 
exercise choice was used to demonstrate dif¬ 
ferences in the quality of corn grown on plots 
with different soil treatments on Sanborn 
Field, Columbia, Missouri. Since a number 
of these adjoining plots, in their crop rota¬ 
tions, were to have corn, it was planted across 
them, several corn hybrids being chosen for 
the experiment. This arrangement made it 
possible to sample the corn according to each 
hybrid and also for the hogs to select accord¬ 
ing to each plot with a different soil fertility 
treatment. • 

Each hybrid was harvested by its particu¬ 
lar hills on each plot. A sample was put 
into a bag, labeled by plot and by hybrid and 
put away for storage. The remainder of the 
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corn was saved separately by plot without 
hybrid segregation. This balance of the corn 
was put into self-feeders with the particular 
hybrid mixture from each plot in a separate 
compartment, in 100 pound units, to permit 
easy report of percentage consumption. 
When the supply in any compartment was 
low, tlxe corn remaining in each one was 
weighed, and the arrangement with respect 
to compartments and plots was changed as 
each was again filled, with corn from a plot 
with a particular soil treatment* Sufficient 
grain was available to carry out this weigh¬ 
ing and rearranging several times. 

It was significantly interesting that, re¬ 
gardless of the distribution of the corn 
among the different compartments in the 
self-feeder, there was each time the same 
order of consumption of the grain relative 
to the soil treatments. Since the corn con¬ 
sisted of mixtures of hybrid breedings in 
each feeder compartment, a segregated selec¬ 
tion by the hogs according to the various 
hybrids was impossible. The weights of the 
animals were not kept, nor was any measure 
attempted of the greater efficiency in making 
pork through animal selection. But this 



Photo by Virgil Burk 
FIG. 4. HOGS CHOSE THE BEST CORN 


CHOICE BY HOGS OF CORK GROWN" ON TREATED SOIL 
EXACTLY MARKED OUT THIS AREA AS THEY DAILY ATE 
IT BEFORE TAKING CORN GROWN ON UNTREATED SOIL. 



PIG. 5. EFFECT OF DIET ON RABBITS 

Left, RABBIT FBI) HAY FROM UNFERTILIZED SOIL. 
Right, RABBIT FED HAY FROM TREATED SOIL. NOTE 
DIFFERENCES IN SIZE OF BONES AND APPEARANCE. 

greater efficiency was reported for rats by 
Dr. Curt .Richter 1 who demonstrated that 
when permitted choice of the separate 
ingredients of a common feed mixture, they 
made the same gains on less feed than when 
compelled to take the mixture. 

As confirmatory of the choice of food by 
hogs, observations were made of native rats 
which were not given open access to whole 
grains because the corn was stored in bags. 
Samples in small bags of different hybrids 
and from different plots—-though considered 
carefully stored—were attacked by rats. 
The bags happened to be piled so that every 
one was accessible, and the choice of the rats 
was demonstrated by bags which were found 
to be cut and those which were left un¬ 
harmed. Surprising as it may seem, the 
choice of bags cut by the rats agreed closely 
by plots and soil, treatments with the choices 
by the hogs. The rats did not distinguish 
between the hybrids on the same plots 
within the limited number of choices avail¬ 
able in this demonstration. This suggests 
that the soil on which grain grows, rather 
than the pedigree of its breeding, is the basic 
factor that is reflected in the delicacy of the 
appetite in food selection by animals. 

Just what particular chemical compound 
in the food helps the animal to discriminate 
and whether it does so by smell, as well as 
by taste, are still open questions. Very 
delicate differences are even recognized by 
chicks, as was demonstrated by Dr. Weston 
A. Price 3 in testing their ability to discrimi¬ 
nate the differences in contents of Vitamin A 
and ‘‘ activator X” in butter. Even for but¬ 
ter as an animal physiological product— 
seemingly far removed from the soil—of 
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Avliloh three grades varying in contents of 
these two catalytic agents were weighed out 
daily, put into different; positions in the. 
brooder, and weighed back regularly, the 
chicks selected and ate about two and one- 
lmlf times as much of the butter high in the 
“activator X” as of that which was low. 
The selection was in accordance with the bet¬ 
ter survival and growth as brought on by 
these differences in the butter in other tests. 
This selection by the chicks occurred when 
neither Dr. Trice nor any member of his staff 
could distinguish between the butters. 

The ancient art of agriculture has handed 
down practices often frowned upon by its 
youthful science. But when it is now re¬ 
ported that vitamins are generated through 
microbial activities in the cow’s paunch/ wc 
may appreciate the soundness of the old prac¬ 
tice of hogs following fattening steers to 
gather the undigested corn. Interdepen¬ 
dence of animals, as demonstrated in the im¬ 
portance of providing animal products in 
the diets for carnivorously inclined pigs and 
chickens, while cows and sheep are truly 
herbivorous, suggests the possible use of the 
animal appetite as a new tool for the assay 
of feeds, and for the measure of the levels 
of soil fertility producing them, 

That the animal’s delicacy in selecting 
food serves for its better body growth is 
clearly suggested in work to date, Thai; the 
soil’s contribution of fertility in, more gen¬ 
erous and in batter-balanced amounts is pro¬ 
vocative of these choices has not been widely 
considered. Animal assays of soil fertility 
to much more refined degrees than are pos¬ 
sible by chemical tests are now being used to 
learn just what treatments a soil needs in 
order to make its herbage products an effi¬ 
cient forage or hay. In the final analysis, 
pasture studies must submit to this criterion 
which the animal itself imposes. 

Better body growth is not tlx* only measure 
by which the products from treated soils are 
shown to be superior. Better reproduction is 
another criterion to which soil treatments 
must cater by way of the feeds as modified by 
them. The use of rabbits for artificial in¬ 
semination permitted feeding to one group 


lespedeza hay grown on soil given phosphate, 
and to {mother group the same kind of plant 
grown on adjoining plots where both linn* 
and phosphate wen* the soil treatments. 
After only throe weeks the males feeding on 
the first, of these hays had become indifferent 
to a female in oestrus and wore unable to 
deliver viable semen in regular amounts, 
Those on the second hay remained readily 
excitable on the appearance of t he female in 
oestrus and continued efficient in their semen 
delivery. After the interchange of the hays 
for tlx* two groups of males, throe weeks was 
a long enough period to reverse their rone 
lions. It is a significant suggestion that tlx* 
animal’s selection of its foods roaches not only 
into body functions measured by increase in 
body mass, but also into those* which servo 
to maintain the species. 

More studios will be required before we 
can use the animal appetites, animal growth, 
and animal reproduction as refined tech¬ 
niques for the most complete assay of soil 
fertility. To date, however, animal behaviors 
have given some very encouraging results to 
suggest, that the student of soils has in the 
animal itself a detecting instrument, the deli¬ 
cacy of which approaches that of the chem¬ 
ist’s spectrograph, When the physiology be¬ 
hind the appetite is more generally under¬ 
stood and when organic differences in the 
body are connected with, or provocative of, 
distinct manifestations of the appetite, we 
shall hi* in better position to handle our soils 
for more efficient health and growth of the 
animals. What this promising approach ran 
do for human health is still an unexplored 
field. Increasing food problems on a na¬ 
tional scale suggest that; we should call in ail 
aids to make our soils more efflexmt as food 
producers. The delicacy of animal appetites 
in food selections is one such help that war¬ 
rants early and wider acceptance, 
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CORRIDORS INTO GERMANY 

By GRIFFITH TAYLOR 


It has been noted many times by military 
analysts that the geologic and geographic 
features of Central France determined the 
outcome of the last Great War as early as 
September 1914. These important factors 
in the strategy were the scarps (or cuestas) 
of the region between Paris and the Vosges. 
They enabled the Allies to withstand the 
Germans a! the Battle of the Marne, and also 
at the great siege of Verdun—where the 
Germans lost half a million men in unavail¬ 
ing attacks on these scarps. 

More and more the public is learning to 
appreciate maps such as Fig. 8, which show 
the landscape in relief. It is quite possible 
to draw such maps with great accuracy, but 
for a rapid survey of the field the maps 
given in the present article are somewhat, 
generalized. Mountains, plateaus, valleys, 
rivers and lakes are the chief features in 
the military landscape; and some knowledge 
of the way in which these have developed and 
how they are classified can be gained in u 
very few minutes by any one who is suffi¬ 
ciently interested to study such maps. 

No popular slogan coined in the last; few 
years is so misleading as the one we have all 
heard, he., “The soft Under-Belly of the 
Reich,” if, as one must suppose, it means 
that the Reich is vulnerable from the south, 
it is the northeast and northwest which offer 
the only relatively easy approaches to the 
Reich, and the reasons for the breadth and 
flat character of these corridors involves 
the evolution of the continent of Europe. 

The crust of the earth in the vicinity of 
Europe contains three very resistant areas, 
called “shields.” When the earth’s crust 
contracts and ridges (mountains) are formed, 
it seems to be because the weaker parts of 
the crust yield, and are squeezed.by these 
shields much as when a weak sheet of metal 
(edge on) is squeezed in the jaws of a vise. 

There seem to have been three main periods 
in earth history when mountain-building took 
place on a large scale, and this is true of 
North America as well as of Europe, Some¬ 


where about MOD million years ago one of 
these periods occurred, and it resulted, in 
Europe in the elevation of a huge chain of 
mountains in the region of Scotland and Nor¬ 
way. Here the weak crust; between two 
shields (as shown at the left in Fig. 1) was 
squeezed between the North Atlantic Shield 
and the Russian Shield, and possibly Ibis 
range rose 1o heights of 20,000 feet. 

(Contrary to the oft-repented phrases of Ihe 
poets as to the “everlasting hills,” science 
teaches that, the hills arc very short-lived 
features of the landscape. Their steep slopes 
are soon cut down by the rapid rivers, heavy 
rains, frost, and winds which are so char¬ 
acteristic of mountain climates. It. is the 
plains, and even the rivers, which are long- 
lived; for some rivers are thought to be 
several hundred million years old, while 
every mountain is cut down to a. “relic- 
stump” in the course of 40 or 50 million 
years (provided it has not been re-elevated 
by earth movements). 

Most, of Europe to the south of t he huge 
range squeezed up in this “Caledonian 
Storm,” as it; is called, was a sea, in which 
deep deposits of mud and sand had been 
laid down for millions of years. About 150 
million years after the Caledonian Storm 
there occurred another period of mountain- 
building, known as the “Armorican Storm.” 
Now, during several million years, a great 
range of mountains was raised up between 
the great resistant Russian Shield and a 
similar shield to the south in Africa. The 
results of this storm are shown in the central 
sketch map of Fig. 1 as a series of mountains 
extending from western Spain to the south 
of Russia. By this time the Caledonian 
Storm mountains were reduced to low pla¬ 
teau-like “stumps,” as indicated. In the 
course of the next 40 million years the same 
fate befell the mountains of the Armorican 
Storm. They appear today as a series of 
relic-stumps or low plateaus along the course 
of the original mountain chain* The bard 
rocks of Brittany (known also as Armorica) 
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■ FIG. 1. EVOLUTION OF THE FOUB STBUCTUBAL ELEMENTS 

Lefty THE RUSSIAN SHIELD (THE BASIS OF OLD EUROPE”) AND THE RISE OF 

Middle T the origin of the relic-stumps which determine the build of Germany, 
the ALPS AND main features of the landscape today, (from Environment and Nation 


form one such “stump.” So also do the 
plateaus of western Spain, the Cevennes of 
central Prance (where the men of the Maquis 
took refuge), the Ardennes of Belgium, the 
Vosges, and the several similar “stumps” 
within the Reich. 

At the close of the Tertiary period there 
occurred the last of the great mountain¬ 
building periods. It culminated perhaps 
about 10 million years ago, but the volcanoes 
and earthquakes of southern Italy show that 
mountain-building is still going on there to 
this day. The results of this Storm are called 
the “Alpine Storm,” since the best-known 
elevations in this series are the Alps. But 
many other high mountains—in fact almost 
all the high mountains of today—belong to 
this Storm. In Europe, as may be seen in 
the right-hand map (Pig. 1)> we find the 
Pyrenees, Apennines, Dinaric and Balkan 
Mountains, as well as the Carpathians and 
Cancasus to the northeast. It will be seen 
that this Alpine Storm affected the weak de¬ 
posits laid down in the “ancestor” of the 
Mediterranean Sea, which is known as the 
“Tethys Sea.” Thus the summits of the 
Alps originally consisted of the rather late 
formations laid down in the sea, but these 
higher portions have already been washed 
into thq adjacent rivers and seas by the or¬ 
dinary processes of rock weathering. 


OF EUBOPE 

THE NORWEGIAN MOUNTAINS. 

Right, rise OF 

BY THE AUTHOR.) 

It is the last map of the three shown in 
Pig. 1 that shows in a somewhat general 
fashion the topography of Germany. The 
northern portion around Berlin is a vast 
plain, and this seems to be due to the pres¬ 
ence of the Russian Shield (a long way below 
the surface), which has buttressed this part 
of the continent, and preserved it from being 
folded by the forces which buckled up the 
weaker marine deposits to the south. Por 
this reason also, the invaluable coal deposits, 
laid down over this buried shield, have not 
been eroded or so much disturbed as in other 
parts of Europe. These two facts beyond 
all others—the presence of wide agricultural 
plains, and of level beds of rich coal—have 
made possible military power in Germany. 

In Pig. 2 the central portion of the con¬ 
tinent is shown on a larger scale. Here again 
the edge of the submerged Russian Shield 
(sh) is suggested, while the difference be¬ 
tween the high mountains of the last Alpine 
Storm, and the much lower, flattish stumps 
of the “young” much earlier Armoriean 
Storm is clearly brought out. (The high 
rugged mountains are ruled, the lower 
“stumps” are dotted.) Generalizing some¬ 
what, we can see that there is only one main 
corridor through the young mountains^ of 
the Alpine Storm to the south of the Reich, 
and that is the “Vienna Gate.” It seems 
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probable that the Danube River is far older 
than the Alps, and has continued to cut its 
course. The same thing happened in a more 
striking fashion near Belgrade, where the 
Kazan Gorge, only a few hundred yards 
wide, shows how the Danube kept cutting its 
valley as the Carpathians seemed likely to 
bar its course. 

The only notable pass through the Alps 
below the tree-line is the Brenner Pass at 
4,500 feet elevation. Almost all the others 
are 2,000 feet higher. But the Brenner Pass 
is merely the culmination of a glacier-cut 
gorge that is over a hundred miles long. 
Such a corridor is of course easily defended 
by a small force against very much greater 
attacking forces, and in the last World War 
the Austrians made no progress of note 
against the Italians in this region. 

The high young mountains of the Alps 
just enter the southern margin of the Reich. 
Hitler's refuge at Berchtesgaden is precisely 
in this extreme northern edge of the high 
Alps, not far from the northern end of the 
Brenner Corridor. Between the young 
mountains and the relic-stumps to the north 
is a broad downfold of the crust, which is 
occupied by the Upper Danube (Fig. 3). 
This offei-s an easy route from east to west, 
say from Vienna to Switzerland, but does not 
help much in the penetration of Germany 
proper. North and west of this downfold 
we see six or eight of the relic-stumps, which 
today appear as oval areas of moderately 
high land, though usually mostly below 2,000 
feet. They are flattish, and generally for¬ 
ested over most of the surface. Thus they 
differ markedly from the young mountains, 
which are rugged and offer insuperable diffi¬ 
culties to travel—except along narrow river 
or glacier-cut valleys. 

Obviously there are many ways to ap¬ 
proach Berlin through or near this series of 
relic-stumps. About a dozen of such cor¬ 
ridors are indicated on the simplified chart 
in Fig. 2. They are numbered somewhat in 
the order of suitability for attack, though of 
course only the topographic factor is con¬ 
sidered here. No account is taken of the dis¬ 
tance from Allied arsenals and supplies. 

Before considering the “ order of prece¬ 
dence” of these corridors of attack, it will 
be advantageous to consider briefly the last 


map, shown in Fig. 3. Here some of the 
minor details of the topography are charted, 
and these are especially important in the 
Northern Plain. Let us consider the course 
of the Rhine, which is one of the best rivers 
in the world to use in illustration of river 
evolution. It rises in the heart of the Alps 
near the St. Gotthard Pass, and flows down 
a steep valley until it reaches the “Down- 
fold,” where the latter has not yet been filled 



FIG. 2. MAIN CORRIDORS OF ATTACK 

THE NUMBERS SUGGEST THE ORDER OF IMPORTANCE OF 
THE CORRIDORS SHOWN. THE OLD RELIC-STUMPS ARE 
DOTTED AND THE HIGH YOUNG MOUNTAINS ARE RULED. 

level with debris washed down from the ad¬ 
jacent hills. Hence a large lake has formed 
in this hollow—called Lake Constance. 
From this the Rhine flows along the Down¬ 
fold to the west in a broad trough which is 
quite open to attack from south Germany. 

At Basel the Rhine turns north, and here 
it enters the Reich in the straight section 
north and south of Strasbourg, This is a 
valley about 160 miles long and about 20 
miles wide. It has a flat floor and steep 
straight sides-—so that indeed it resembles 
an open grave. This Middle Rhine valley is 
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FIG. 3. MODEL OF CENTRAL EUROPE TO SHOW THE STRUCTURE 

OLD RELIC-STUM PS ARE NUMBERED 1 AND FORM BELT ACROSS MIDDLE OF MAP. THE ANCIENT GRANITES IN 
THE CORE OF THE ALPS ARE 3. YOUNGER FORMATION S, 4 AND 5, FORM PART OF THE BROKEN ARCH, WHOSE 
RIDGE HAS SUBSIDED TO FORM THE RHINE GRABEN. IN THE NORTHERN PLAIN THE CHIEF FEATURES ARE 
THE MORAINE RIDGES AND THE ICE-THAW CHANNELS (FROM Environment and Nation BY THE AUTHOR.) 


what the geographer calls a Graben, which 
is a German word allied in meaning to 
“grave.” Here an elongated block of the 
earth's crust has subsided to form the 
graben, and the Rhine has naturally taken 
advantage of this vast depression in the 
crust. The Rhine Graben is buttressed by 
two relic-stumps which already are of pro¬ 
found significance in the war. On the west 
is the '“stump” called the Vosges, on the 
east is the similar “Black Forest,” The 
Siegfried Line is at the top of the scarp on 
the east side of this graben, which obviously 
was a strong line of defense for the Reich. 

At the end of the graben near Mainz 
the Rhine changes its character, and for 60 


miles on its course to Bonn runs through 
the famous Rhine Gorge (Fig. 3). Here it 
is a narrow steep-sided valley which is of 
relatively recent origin. In fact we believe 
that the gorge has been cut out by the Rhine 
as the hard rocks of the relic-stumps on each 
side were slowly elevated above sea level. 
This slow elevation of the stumps en masse 
occurred during the Alpine Storm, but the 
Ardennes and Hesse “stumps” only rose 
about 2,000 feet while the “young” Alps 
were being folded up to 20,000 feet. 

To the north of Bonn near Cologne the 
Rhine reaches the great Northern Plain. 
Here it spreads out to form a delta composed 
of the silts it has brought down from the 
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high Alps to the south. Much of Holland is 
as truly a delta country as is the famous 
region in the north of Egypt. Here the river 
is broad and rather sluggish, while the banks 
become lower and lower until near its mouth 
some of the land is now below sea level. 
Much of this sunken country was once much 
higher than it is now, even in Roman times; 
and it has been gradually sinking for the last 
two millenia. 

Let us return to the Rhine Graben for a 
moment. It belongs to a broader structure 
in South Germany which is labeled as a 
“Broken Arch.” The rocky formations dip 
down on each side from the graben, as is 
clearly shown in Pig. 3. The peculiar wind¬ 
ings of the largest tributary of the Rhine 
(the Main) are in large part determined by 
the dip of the sloping layers which build up 
the east side of this arch. 

Finally, let us glance at the very interest¬ 
ing features of the Northern Plain, which 
are bound to affect strategy very greatly, 
as indeed they did in the last Great War in 
Ea§t Prussia. In Fig. 3 the Plains are seen 
to be crossed by several ridges of glacial 
debris of the type called Moraines. These 
are simply material dumped at the front of 
the great ice-cap which formerly extended 
south from Polar lands, and covered much 
of Germany. Between these curved moraines 
are shallow valleys which are labeled “Ice- 
thaw Channels’’ on Fig. 3. They are valleys 
cut by the huge temporary rivers which 
flowed to the northwest along the fronts of 
the ice-cap, as the latter halted at times in 
its gradual retreat from south to north. 


Roads, railways, and canals take advantage 
of these broad shallow valleys, as they do in 
the United States and Canada. The city of 
Berlin is built on piles of glacial debris 
dumped in the middle of such a broad “Ice- 
thaw Channel.’’ 

In conclusion I will try to arrange the 
dozen corridors leading to Berlin (Fig. 2) 
in the order of (topographic) advantage to 
the attacking Allies. The broadest and best 
—as offering most room for manoeuvre—is 
obviously the approach from Warsaw (Route 
1). Then I would place the Western Plains 
Corridor just described (Route 2). The 
third line of entry is the famous Moravian 
Gate between the relic-stumps which enclose 
Bohemia and the Carpathian Young Moun¬ 
tains to the east. This has been used by 
armies throughout the history of Europe, 
and offers the easiest outlet for the Russians 
after they have captured Budapest and 
Vienna. It will bring them into the broad 
valley of the Oder, which in turn leads by 
easy grades into the Northern Plain and to 
Berlin. The alternative corridor up the 
Danube to Munich and the Middle Rhine 
does not offer such a good route, since the 
slopes and scarps of the “Broken Arch” 
(already described) have to be surmounted 
before the Northern Plains are reached. A 
route (alternative to the Brenner) from the 
Mediterranean is by the Pear-tree Pass be¬ 
hind Trieste. This is relatively low (2,500 
feet), and has often been used by armies to 
turn the flank of the belt of young moun¬ 
tains of Austria. But it is not favorable for 
the development of modern large armies. 



QUANTITATIVE SCIENCE WITHOUT MEASURE¬ 
MENT: THE PHYSICS OF ARISTOTLE 
AND ARCHIMEDES 

By CARL B. BOYER 


The history of science in antiquity covers 
a period of some thousand years, hut the life¬ 
times of the two greatest individual con¬ 
tributors fell within about a century of each 
other. One of these two men was the greatest 
biologist of all times, the other the greatest 
of mathematicians; but both of them con¬ 
tributed, apparently quite independently of 
each other, to the related field of physics. 
The achievements here made by Archimedes 
are familiar even to the casual student, but 
those of his predecessor in greatness some¬ 
how have been neglected. It may therefore 
be well to give some indication of the place 
of Aristotle in quantitative physical science. 

The development of ancient science is diffi¬ 
cult to reconstruct because of the loss of 
early manuscripts. Works composed before 
the time of Plato have disappeared almost 
completely, and many treatises of later cen¬ 
turies have failed to survive. The pre¬ 
eminence of Aristotle and Archimedes has 
helped to preserve much, but by no means 
all, of what they wrote. Their contributions 
to optics, for instance, are still missing. In 
view of this situation, any final judgment on 
ancient science necessarily must be sus¬ 
pended. 

The origin of physics (insofar as any 
branch of science may be said to have an 
origin) is largely a matter of speculation— 
or at least of definition. The oldest law may 
well be the principle of the lever, but the 
source of this is unknown. The operation of 
this law undoubtedly had been observed at a 
primitive level of civilization, long before 
it was clearly expressed. It is commonly 
thought that the quantitative formulation 
first appeared with Archimedes, but in real¬ 
ity it is at least a century older. In the 
Aristotelian Mechanica one reads: 

As the weight moved is to the weight moving it, 
so, inversely, is the length of the arm hearing the 
weight to the length of the arm nearer to the power. 
(Mechanica 3; 850.) 1 


This formulation compares favorably with 
that of Archimedes: 

Two magnitudes, whether commensurable or in¬ 
commensurable, balance at distances reciprocally pro¬ 
portional to the magnitudes. (On the equilibrium of 
planes I, props. 6 and 7.) 2 

It is not to be inferred that the Aristotelian 
statement on the lever represents necessarily 
the first knowledge of this principle. The 
treatises of Aristotle resemble the Elements 
of Euclid in that they drew freely from 
works, since lost, of their predecessors. 
Nevertheless, until further evidence is dis¬ 
closed, the earliest formulation should be 
ascribed to Aristotle, although it was Archi¬ 
medes who supplemented this with a mathe¬ 
matical demonstration. 

In the works of Aristotle one finds also, as 
Galileo pointed out, the principle of virtual 
velocities: 

. . . Therefore by the same weight the end of the 
balance must necessarily be moved quicker in pro¬ 
portion as it is more distant from the cord. (Me¬ 
chanica 1; S49b.) 

Further on we read that 

The same power moves the same weight more easily 
and quickly the further away the fulcrum is. (Me- 
chanica 6: 851b.) 

In another place we are told: 

If a given force moves something in a certain time, 
a greater force will do so in a lesser time, but still a 
definite time, in inverse proportion. (Physica VIII. 
10: 266b.) 

The related principles of virtual and statical 
moment likewise are given expression by 
Aristotle: 

The further one is from the fulcrum, the more 
easily will one raise the weight. ... So with the 
exertion of the same force the motive weight will 
change its position more than the weight which it 
moves, because it is further from the fulcrum. (Me¬ 
chanica 3: 850b.) 

Aristotle appears to have recognized the 
operation of this principle in connection with 
systems of pulleys (Mechanica 18: 853a~b), 
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but his language here is confused. However, 
the equivalence of the two principles—of 
virtual speeds and virtual work—is brought 
out in a further passage: 

The smaller and lighter a body is, the further will 
a given force move it . . . for the relative speeds of 
two bodies will be in inverse ratio to their respective 
sizes. (Be caelo III. 2: 301b.) 

The principle of statical moments appears 
clearly in the answer to the question as to 
why it is more difficult to carry a long plank 
of wood on the shoulder if one holds it at 
the end than if it is held in the middle, 
though the weight is the same in the two 
cases: 

The reason is that, if one lifts it in the middle, the 
two ends always lighten one another, and one side 
lifts the other up. (Mechanica 26: 857a.) 

The introduction of the concept of center 
of gravity customarily is ascribed to Archi¬ 
medes, but the general notion must be older. 
Aristotle implies some such idea in passages 
like the following: 

If, then, a weight many times that of the earth 
were added to one hemisphere, the centre of the earth 
and of the whole will no longer be coincident. (Be 
caelo II. 14: 297a.) 

Although Archimedes in his extant works 
nowhere defines the center of gravity, it is 
to him rather than Aristotle that we owe 
the precise quantitative elaboration of the 
concept. He made it fundamental in his 
statics, and in essence he derived the law of 
the lever from the idea of the center of grav¬ 
ity, rather than conversely as is now ordi¬ 
narily the case. Postulates and propositions 
on levers and on centers of gravity are 
mingled in an exposition in which Archi¬ 
medes demonstrated the power both of math¬ 
ematics and of his own unrivaled genius by 
determining with faultless rigor the cen¬ 
troids of figures, such as the triangle and 
the trapezium, and paraboloidal and spher¬ 
ical segments. These propositions, involving 
as they do methods equivalent to the calculus, 
are among the most glorious of all the Greek 
contributions to science and mathematics. 

There is another elementary law of quan¬ 
titative physics which was known to Aristotle 
but is sometimes attributed to Euclid or to 
Archimedes. The optical law of reflection is 
not explicitly expressed in the extant works 
of Aristotle, but it is clear from several pas¬ 
sages that he was quite familiar with it. A 


lost treatise on optics is sometimes ascribed to 
him and it may be that the law was formally 
given in this. At any rate, Aristotle fre¬ 
quently alludes to analogies between sound 
and light, and in connection with the for¬ 
mation of echoes he specifically noted that 
reflection “takes place at the same angle’* 
0 Prollemata XL 23: 901b. Of. 51: 904b). 
In another passage optical reflection is com¬ 
pared to a mechanical rebound, in which 
again the equality of angles is repeatedly 
mentioned: 

Now every object rebounds at similar angles, be¬ 
cause it is travelling to the point to which it is 
carried by the impetus which was imparted by the 
person who threw it. . . . As then in a mirror the 
image appears at the end of the line along which the 
sight travels, so the opposite occurs in moving ob¬ 
jects, for they are repelled at an angle of the same 
magnitude as the angle at the apex . . . and in 
these circumstances it is clear that moving objects 
must rebound at similar angles. (Problemata XVI. 
13:915b. Cf. 3-4: 913b.) 

Here the author probably has in mind the 
Platonic doctrine of visual rays emanating 
from the eye. The visual ray proceeds to the 
mirror, at which point it meets the ray of 
light from the object. Both rays therefore 
travel toward the mirror, whereas in the case 
of a rebounding object one motion is toward 
the wall while the other is away from it. In 
this sense, then, the behavior in the mechan¬ 
ical situation is opposite to that in the optical 
reflection; but the definite implication is that 
the cases are alike in other respects, namely, 
in the rectilinearity of the motions and in 
the equality of the angles. 

The idea of density is widely attributed to 
Archimedes, but this, too, is clearly expressed 
in the works of Aristotle: 

Dense differs from rare in containing more matter 
in the same cubic area. (Be caelo III. 1: 299b.) 

This concept would appear to have arisen 
somewhat earlier, for Aristotle says that 
although Anaxagoras and Empedocles had 
not tried to analyze light and heavy, yet his 
own predecessors had dealt with “the rela¬ 
tive heaviness and lightness of things possess¬ 
ing weight.” {Be caelo IV. 1: 308-309.) 
Aristotle and his students were aware of 
some simple facts about density. Galileo 3 
attributed to Aristotle the crude quantitative 
statement that water is ten times as heavy 
as air. The Peripatetics recognized that 
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fresh water is less dense than salt water, and 
that “dense water finds a lower level than 
water which is not [so] dense. 75 {Be plantis 
II. 2: 824a.) It is possible that at that time 
densities were determined by the method of 
displacements, for Aristotle knew that 

If one puts a cube in water, an amount of water 
equal to the cube will be displaced. (Physica IY. 8: 
216a.) 

There is no indication, however, that he was 
familiar with the great Archimedean prin¬ 
ciple, the quantitative law of buoyancy. 
In fact, Aristotle incorrectly ascribed the 
greater buoyancy of salt over fresh water as 
due to the lifting effect of salt particles 
rather than to the increased fluid density. 
(Be plantis II. 2: 824a.) The greater ease 
with which one swims in salt water is 
ascribed similarly to the fact that it has more 
body than fresh water and hence, being 
thicker, offers more resistance to pressure. 
{Problemata XXIII. 13: 933a.) Such state¬ 
ments fall far short of the magnificent quan¬ 
titative discovery of Archimedes: 

Any solid lighter than a fluid will, if placed in the 
fluid, be so far immersed that the weight of the solid 
will be equal to the weight of the fluid displaced. 

A solid heavier than a fluid will, if placed in it, 
descend to the bottom of the fluid, and the solid will, 
when weighed in the fluid, be lighter than its true 
weight by the weight of the fluid displaced. {On 
floating bodies I, props. 5 and 7.) 

In hydrostatics there is nothing in the 
works of Aristotle to compare with the bril¬ 
liant mathematical propositions of Archi¬ 
medes on the conditions of equilibrium for 
floating paraboloidal segments. {On Float¬ 
ing Bodies I and II.) These results stand on 
a level with those on the center of gravity— 
among the greatest achievements of Greece in 
mathematical science. 

Archimedes apparently did not write on 
dynamics, but in the works of Aristotle there 
are a number of references to simple laws of 
motion. The most significant of these is 
probably the parallelogram of velocities, in¬ 
correctly ascribed to Galileo. We read: 

Now if the two displacements of a body are in. any 
fixed proportion, the resulting displacement must 
necessarily be a straight line,, and this line is the 
diagonal of the figure, made by the lines drawn in 
this proportion. . . . And the converse is also true. 
It is plain that, if a point be moved along the di¬ 
agonal by two displacements, it is necessarily moved 


according to the proportion of the sides of the paral¬ 
lelogram ,* for otherwise it will not be moved along the 
diagonal. (Mechanica 1: 848b. Cf. 23: 854b- 
855a.) 

This formulation does not differ in essentials 
from that given two thousand years later by 
Newton in the Principia: 

A body, acted on by two forces simultaneously, will 
describe the diagonal of a parallelogram in the same 
time as it would describe the sides by those forces 
separately. 4 

The corresponding law of the parallelo¬ 
gram of forces is not expressed by Aristotle, 
but it is easily deduced from his recognition 
that the force which moves a given weight is 
directed along the path of motion and from 
his oft-repeated idea that 

If, then, A the movent have moved B a distance T 
in a time A, then in the same time the same force A 
will move ^ B twice the distance F, and in i A it will 
move 1 B the whole distance F: for thus the rules of 
proportion will be observed. {Physica VII. 5: 249b- 
250a.) 

There are also in the works of Aristotle 
anticipations of the idea, widely but erro¬ 
neously ascribed to Galileo, of uniform accel¬ 
eration, as well as a first approximation to 
the law of falling bodies: 

In rectilinear locomotion [verticaUy downward] 
the motion of things in leaving the starting-point is 
not uniform with their motion in approaching the 
finishing-point, since the velocity of a thing always 
increases proportionately as it removes itself farther 
from its position of rest. (Physica VIII. 9: 265b. 
Cf. De caelo I: 8.) 

This is the idea to which Galileo was first led, 
but which he discovered to be false; the 
velocity is proportional to time rather than 
distance. But it appears from another pas¬ 
sage that Aristotle correctly regarded ac¬ 
celeration (whether uniform or nonuniform) 
as a time rate of change of velocity: 

Perpetual acceleration [of the heavens] is impos¬ 
sible ... if we may take acceleration to proceed by 
identical or increasing additions of speed and for an 
infinite time. {De caelo II. 6: 289a.) 

Moreover, there are passages which are quite 
suggestive of the first and third of the so- 
called Newtonian laws of motion. 

Bodies which are at rest remain so owing to their 
resistance. {Mechanica 8: 851b.) 

When one is running fast it is difficult to divert 
the whole body from its impetus in one direction to 
some other movement. {De audibilibus 804b.) 

The force of that which initiates movement must 
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be made equal to the force of that which remains at 
rest. Eor there is a definite quantity of force or 
power by dint of which that which remains at rest 
does so, just as there is of force by dint of which 
that which initiates movement does so; and as there 
is a necessary proportion between opposite motions, 
so there is between absences of motion. . . . Eor as 
the pusher pushes so is the pushed pushed, and with 
equal force. (De motu animalium 3: 699.) 

There is also a striking passage which adum¬ 
brates Huygens’ law that in circular motion 
centrifugal force varies inversely as the 
radius, as well as the notion of components 
of velocity. One reads that when an object 
moves along a curve, it does so 

naturally along the tangent, and unnaturally towards 
the centre. And the lesser radius is always moved 
more in respect of its unnatural motion; for being 
nearer to the retarding centre, it is more constrained. 
(Mechanica 1: 849a.) 

Interpretation of such passages in dynam¬ 
ics, however, should be made cautiously in 
the light of the context, for Aristotle was far 
from modern in his idea of the relationships 
involving inertia, force, weight, and motion. 
Peripatetic dynamics concerned itself em¬ 
pirically with concrete cases of real motions 
in a resisting medium, instead of beginning, 
as did Galileo, Newt-on, and Huygens, with 
an abstract study of hypothetical motions in 
a vacuum. For this reason Aristotle nat¬ 
urally rejected the idea of perpetual uniform 
rectilinear motion which would be implied in 
the ideal situation by the principle of inertia, 
and he developed instead the doctrine that 
continued motion was possible only through 
the application of an external vis a tergo . In 
this situation velocity—rather than accelera¬ 
tion—was proportional to force, and varied 
inversely as the density of the resisting me¬ 
dium. (. Physica IV. 8: 215b; VII. 5: 250a.) 
This assumption implies that bodies fall 
through a resisting medium with speeds pro¬ 
portional to their weights, a conclusion which 
Aristotle—and, later, Leonardo da Vinci— 
accepted ( Physica IV. 8: 215b; De caelo IV. 
1: 308a) but which, even for terminal veloci¬ 
ties, is not in close agreement with experi¬ 
mental evidence. This discrepancy has ap¬ 
pealed so strongly to the modem imagination 
that it has completely overshadowed other 
more valuable portions of Aristotelian quan¬ 
titative science. If one points out that Aris¬ 
totle was unsuccessful in his treatment of 
dynamics, it should also be noted that Archi¬ 


medes hazarded nothing on this subject, and 
that Leonardo committed comparable errors 
in his law's of motion. 5 Even Galileo, in his 
early treatise On Motion, had at first held 
similar views; and in his mature and bril¬ 
liant work on the Two New Sciences very 
inadequate consideration was given to the 
effect of a resisting medium. 

The first branches of science to be given 
mathematical form had been astronomy and 
music, subjects to which Aristotle was much 
attracted. He sought to improve on the 
Eudoxan planetary scheme of homocentrie 
spheres by giving it a greater appearance of 
physical reality (Metaphysica A 8: 1073b- 
1074a); and after having given numerous 
excellent reasons for believing in the spher¬ 
icity of the earth, he has handed down to us 
in a striking passage w T hat appears to be the 
first known estimate of the size of the earth: 

Hence one should not be too sure of the incredi¬ 
bility of the view of those who conceive that there is 
continuity between the parts about the pillars of 
Hercules and the parts about India, and that in this 
way the ocean is one. . . . Also, those mathema¬ 
ticians who try to calculate the size of the earth's 
eiremnferenee arrive at the figure 400,000 stades 
[or about 40,000 miles]. This indicates not only that 
the earth's mass is spherical in shape, but also that 
as compared with the stars it is not of great size. 
(De caelo II. 14: 298a. Cf. Meteorologica I. 3: 
339.) 

In music Aristotle continued tbe Pythago¬ 
rean interest in the numerical aspect of har¬ 
mony and made contributions to acoustics in 
general. To the Pythagoreans has been at¬ 
tributed the idea that the simpler the ratio 
of the two parts into which a vibrating string 
is divided, the more perfect is the consonance 
of the two sounds. Aristotle saw the opera¬ 
tion of this principle also in connection with 
reed-pipes. 

In the reed-pipe an accord in the octave is obtained 
by doubling the length, and this is how flute-makers 
produce it. Similarly they obtain a fifth by means 
of a length in the ratio of 3 to 2, ... and a fourth 
by means of a length in the ratio of 4 to 3. (Prob- 
lemata XIX. 23: 919b.) 

Aristotle extrapolated beyond these results 
and speculated that consonance is produced 
only in the ease of lengths the ratios of which 

m _L 1 

are of the form — — (ProUemata XIX. 34: 

920a and 41: 921b). This quantitative for¬ 
mulation is satisfactory, however, only for 
small integral values of n. 
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In connection with musical problems Aris¬ 
totle recognized also the importance of fre¬ 
quency, noting that 

more frequent impacts upon the air are caused by the 
shriller note. (He audibilibus 804a.) 

and that 

strings which are tightly stretched give a shriller 
note, for their movement is quicker. ( Problemata 
XIX. 35: 920b. Cf. also 50: 922b~923a.) 

Since he held that proportion is order, which 
is naturally pleasant, it followed that 

sounds in a concord stand in a proportion of move¬ 
ment to one another. ( Problemata XIX. 38-39: 
921a.) 

The implication seems to be that the propor¬ 
tions here are the same as those for lengths, 
such as 2 to 1, or 3 to 2, or 4 to 3, an antici¬ 
pation of the relationship between tone and 
frequency which ordinarily is ascribed to 
Galileo. However, Aristotle (or his stu¬ 
dents) sometimes confused frequency of 
vibration w r ith speed of transmission, and 
held that the higher the pitch the greater 
was the velocity of the sound. ( Prollemata 
XI. 3: 899a; 14: 900a-b.) Observation alone 
had made it clear to him that sound takes 
time in transmission ( Be sensu VI. 446b), 
but the values of the speed under varying 
conditions could have been determined only 
by careful measurements, such as those made 
in the eighteenth century. In connection 
with the formation of echoes, however, he 
correctly pointed out the equality of the 
angles of incidence and reflection ( Prob - 
lemata XL 23: 901b. Cf. 51: 904b), a quan¬ 
titative Aristotelian contribution which has 
been generally overlooked. In this connec¬ 
tion Aristotle made a further observation 
which apparently was neglected for some 
twenty-two hundred years. Rayleigh be¬ 
lieved, in 1873, that he was the first one to 
notice that in echoes the npper components 
of a complex note predominate, with the re¬ 
sult that an increase in pitch frequently is 
observed. ( Nature 8:1873, 319-320.) How¬ 
ever, Aristotle had observed this alteration 
of pitch, saying that “the sound of an echo 
is distinctly shriller 5 J ( Problemata XI. 6: 
899a. Cf. also XIX. 11: 918a), although he 
failed to note the relationships which led 
Rayleigh to refer to the phenomena of dif¬ 
ferential reflection as “harmonic echoes / 9 


There are numerous places in Aristotelian 
works where one finds the germs of concepts 
which have since been given mathematical 
formulation. "With respect to heat Aristotle 
held that 

Movement tends to create fire in wood, stone, and 
iron {Be caelo II. 7: 289a) ; 

and on the luminiferous aether we read that 

Of tbis substance light is the activity. (Be anima 
II. 7: 418b.) 

Nevertheless, such statements, anticipating 
the kinetic theories of heat and light, were 
not made quantitative and so remained un¬ 
convincing for well over two thousand years. 
After this time the use of precise measure¬ 
ment in connection with new scientific instru¬ 
ments supplied a wealth of numerical data 
which made mathematical treatment possible. 

The citations given above show that Aris¬ 
totelian quantitative physics, while less ac¬ 
curate than that of Archimedes, was of far 
wider scope. There is one striking character¬ 
istic, however, which the two have in com¬ 
mon : there is in both a complete absence of 
the use of measurement, either as a prelimi¬ 
nary step or in experimental verification. 
Both men began with careful observation un¬ 
aided by the use of instruments, and upon 
the results of such observation they built a 
deductive science. Aristotle and Archimedes 
differ less in method than in attitude. Ar¬ 
chimedes, the mathematician, limited himself 
to a small number of observations compar¬ 
able in exactitude to the axioms of geometry. 
His work on the lever is deduced from three 
postulates: 

1. Equal weights at equal distances are in equi¬ 
librium, and equal weights at unequal distances are 
not in equilibrium but incline towards the weight 
which is at the greater distance. 

2. If, when weights at certain distances are in 
equilibrium, something be added to one of the 
weights, they are not in equilibrium but incline 
towards that weight to which the addition was made. 

3. Similarly, if anything be taken away from one 
of the weights, they are not in equilibrium but in¬ 
cline towards the weight from which nothing was 
taken. {On the equilibrium of planes I, postulates 
1-3.) 

The elaborate propositions on center of 
gravity are deduced from four further 
simple assumptions: 

4. When equal and similar plane figures coincide 
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if applied to one another, their centres of gravity 
similarly coincide. 

5. In figures which are unequal but similar centres 
of gravity will be similarly situated. 

6. If magnitudes at certain distances be in equi¬ 
librium, (other) magnitudes equal to them will also 
be in equilibrium at the same distances. 

7. In any figure whose perimeter is concave in (one 
and) the same direction the centre of gravity must 
be within the figure. (On the equilibrium of planes 
I, postulates 4-7.) 

The work on the hydrostatic principle and 
the equilibrium of floating 4 ‘conoids * 9 simi¬ 
larly follows from the following premises: 

1. Let it be supposed that a fluid is of such a 
character that, its parts lying evenly and being con¬ 
tinuous, that part which is thrust the less is driven 
along by that which is thrust the more; and that each 
of its parts is thrust by the fluid which is above it 
in a perpendicular direction if the fluid be sunk in 
anything and compressed by anything else. 

2. Let it be granted that bodies which are forced 
upwards in a fluid are forced upwards along the 
perpendicular [to the surface] which passed through 
their centre of gravity. (On floating bodies I, postu¬ 
lates 1 and 2.) 

The science of Archimedes is therefore quite 
comparable, in the certitude of its logical 
perfection, to the Elements of Euclid. It is 
applied mathematics rather than experi¬ 
mental physics. 

Aristotle, the philosopher, likewise pro¬ 
ceeded from observation, and for this reason 
he frequently is regarded as the father of 
induction; but he did not restrict himself to 
a few self-evident elements of experience 
from which he might deduce with mathemat¬ 
ical precision other quantitative functional 
relationships. In an eager search for cer¬ 
tainty, he surveyed the whole of nature with 
an eye to determining its essential oneness 
as to cause and purpose. He began with 
phenomena, but he proceeded prematurely to 
use deductive methods and sought to ascend 
to metaphysical principles. Form was con¬ 
sequently of more significance to Aristotle 
than was measure, even though he frequently 
passed from a purely qualitative point of 
view to quantitative formulations. He recog¬ 
nized that 44 our most accurate sciences [are] 
the mathematical” (De caelo III. 7: 306a), 
but his use of mathematics was nevertheless 
incidental and more for purposes of illustra¬ 
tion than for methodical elaboration. At 
heart he was a teleologist, and he recognized 


that mathematical science takes no account of 
good or evil—that number is neither cause 
nor agent. (Metaphysica N. 5: 1092b.) 
The etiological question, 44 Why?” held 
greater attraction for him than the search 
for the quantitative description, 44 How?.” 

The Physics of Aristotle is a coherent and 
systematic treatment, starting from common 
sense; yet in its reluctance to associate con¬ 
crete situations with mathematical abstrac¬ 
tions, it bears less resemblance to the subject 
known today by this name than do the me¬ 
chanics and hydrostatics of Archimedes. 
Yet in general characteristics the attitudes 
of these two great ancient scientists were 
similar: they both hoped for too much from 
logical demonstration based on premises es¬ 
tablished through mere unaided observation. 
There is missing in their works the third step 
of the method now so successfully exploited 
—the framing of an hypothesis, followed by 
deductive elaboration, and then completed 
by experimental verification (usually in 
terms of measurement) of the logical impli¬ 
cations of the hypothesis. One may, in a 
very broad sense, recognize three stages in 
the development of science: speculation, ob¬ 
servation, mensuration. The physics of Aris¬ 
totle and Archimedes is representative of the 
second stage. As Jeans would put it, 6 these 
men depended upon 4 4 facts as they are re¬ 
vealed by our primitive senses,” rather than 
upon those 4 4 revealed by instruments of pre¬ 
cision.” Indeed, Archimedes 7 recognition 
of two cases in connection with the lever, ac¬ 
cording as the ratio of the arms is com¬ 
mensurable or incommensurable, is incon¬ 
sistent with the very idea of the precision of 
measurements. Distinctions between ra¬ 
tional and irrational magnitudes have no 
significance in empirical quantitative deter¬ 
minations. Archimedes apparently did in¬ 
deed determine densities through the use of 
the balance, but it is to be noted that this 
constituted only a technological application 
of his theoretical results. Such determina¬ 
tions were not made for the purpose of col¬ 
lecting preliminary data, nor were they 
intended as verifications of the hydrostatic 
principle which had been established through 
the certainty of mathematical proof. 

In the case of Aristotle one fails to find 
even such technological links between science 
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and measurement. He classified physics 
along with mathematics and metaphysics as 
a theoretical science, and hence he stressed 
the syllogistic approach. Although he con¬ 
sidered at length such ideas as magnitude, 
time, and weight, his arm-chair physics 
stands in sharp contrast to his field-work in 
biology. It is customary to excuse this omis¬ 
sion of quantitative study as due to a defi¬ 
ciency of those instruments which played so 
large a role in the age of genius during the 
seventeenth century; but this explanation is 
inadequate. The ruled straight-edge, the 
graduated water-clock, and the scale or bal¬ 
ance were well known in antiquity and could 
have been used to good advantage in phys¬ 
ical experimentation. With these Aristotle 
might easily have detected his errors with 
respect, to the speeds of falling bodies and 
the velocity of sound; with them Archimedes 
might have created a satisfactory science 
of dynamics or discovered (in geometrical 
form) the law of refraction. 

It is of interest in this connection to notice 
that even Galileo, long afterward, failed to 
make effective quantitative use of the instru¬ 
ments of precision which he himself had in¬ 
vented. Galileo was in method, although not 
in interests, a better Aristotelian than the 
Peripatetics of his day. It is small wonder, 
in view of his praise of Aristotle and his un¬ 
bounded admiration for Archimedes, that in 
physics Galileo should have inherited the 
Greek method of deduction from premises 
based on ordinary imprecise observation. 
His descriptive physical astronomy, made 
possible by the telescope, stands in marked 
contrast to the scientifically more valuable 
mathematical astronomy of Kepler, based on 
very precise measurements inherited from 
Tycho Brahe. In terrestrial physics he be¬ 
lieved at first that he had found a satisfac¬ 
tory axiom for falling bodies in the statement 
that “natural motion takes place in such a 
fashion that the velocity varies directly with 
the distance traversed.'’ This premise was 
the result of crude experience rather than 
accurate measurement. Moreover, that this 
premise is untenable was disclosed to Galileo 
by deductive logic and not by experimental 
evidence *. it implied the false conclusion that 
an object would traverse part of its path with 
an infinite speed. Galileo, like his Greek 


forebears, was concerned with theoretical 
rather than experimental physics. 

The failure of the greatest minds of Greece 
to appreciate the significance of patient and 
accurate measurement made their work of 
limited value. Bold adumbrations of atomic 
and kinetic physical theories were uncon¬ 
vincing in antiquity. Had Bacon and Des¬ 
cartes been the only prophets of modern 
science, the continuation of such speculations 
might have remained unfruitful; but the 
empirical and mathematical tendencies of 
the so-called Renaissance were tempered by 
an insistence on measurement. This char¬ 
acteristic of modern science generally is 
ascribed to the rising influence of technology, 
but it can be traced back also to intellectual 
sources. The fifteenth century scholar Nich¬ 
olas of Cusa has been acclaimed with over- 
generous enthusiasm as the herald of a new 
age; but in one respect, at least, such admira¬ 
tion is deserved. He saw that careful mea¬ 
surement has a value far above that of ordi¬ 
nary observation. So thoroughly was he 
imbued with this idea that he ingenuously 
conjectured that the Latin word mens was 
derived from mensurando . The emphasis on 
measurement gained with time and resulted 
in the work of such men as Kepler, Huygens, 
and Newton. Observation and mathematics 
had played an important part in the science 
of Aristotle and Archimedes; but while these 
men counted what was numerable, they did 
not gauge what was measurable. Modern 
physics arose when the Pythagorean dictum 
that “All is number" was supplemented by 
the realization, later expressed by the chem¬ 
ist Liebig, that “God has ordained all things 
by number and measure” 
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HOW BIOLOGY CAME TO KNOX COLLEGE 

By JAMES G. NEEDHAM 


This is a bit of academic history. As a 
“last leaf upon the tree in the spring/’ I 
have been asked to put on record what I 
know about the history of biology as a sub¬ 
ject of instruction in Knox College. Per¬ 
haps it may be of interest as an example of 
what went on in American colleges after the 
publication of Darwin’s Origin of Species. 

Before there was a Department of Biology 
at Knox, before the name of biology was well 
known in colleges generally, a man was there 
who taught it. His name was Albert Hurd. 
His title was “Professor of Chemistry and 
the Natural Sciences”; but that title was far 
from being broad enough to cover the field 
of his instruction; for in his time he taught 
most of the subjects in the college curricu¬ 
lum. The faculty was small, and the many 
courses offered sometimes had to be parcelled 
out among its members in complete disregard 
of titles. It is the common testimony of his 
pupils that Professor Hurd was at his best 
as a teacher of Latin, but he was first of all 
Professor of Chemistry, and he was himself 
the author of a small textbook on that subject. 

He came to Knox as a tutor and lecturer 
in chemistry in 1851, when Knox was in her 
second decade. He came committed to the 
purpose of promoting Christian education 
by means of a college, and he joined the 
little devoted band that he found there, and 
taught effectively whatever the welfare of the 
institution or the exigencies of the situation 
demanded. And he stayed there to teach on, 
to the end of his life, though the brilliance of 
his intellectual leadership brought tempting 
offers of better salary and greater prestige in, 
larger institutions. 

Albert Hurd was graduated from the old 
line classical course at Middlebury College 
with the class of 1850. He was then 27 years 
old. The following year he was principal of 
Brandon Academy in Vermont, and then he 
came to Knox. 

He began moderately with courses in chem¬ 
istry and geology for men in the college, and 
with other courses in botany, physiology, 
chemistry and geology for women in the then 
separate Knox Seminary. 


The next year (1852-3), when he first hit 
his stride, his offerings in the college catalog 
looked like this! 

For Men in the College 
Chemistry for Juniors, a year course 
Botany for Juniors, Spring term 
Anatomy and Physiology for Seniors, Fall term 
Geology for Seniors, Fall term 

For Women in the Seminary 
Botany, 1st year students, Fall term 
Physiology, 1st year students, Spring term 
Chemistry, 2nd year students, Fall term 
Geology, 2nd year students, Spring term 

Also, demonstrations in chemistry and 
botany, were given to Academy students. 

He was young then. 

The next year, 1853-4, he offered an addi¬ 
tional fall term course in zoology for men in 
their senior year. The catalog for that year 
mentions the beginning of a geological mu¬ 
seum, an enterprise of his own that was 
destined to expand and to make large de¬ 
mands upon him. 

The catalog also records that he was then 
given a master’s degree, and was appointed 
Professor of Natural Sciences. 

After three years at Knox he went to Har¬ 
vard University for better preparation and 
studied during the year 1854-5 in the Law¬ 
rence Scientific School. No record of his 
work appears to have been preserved at Har¬ 
vard; but I remember his speaking of Jef¬ 
fries Wyman as his teacher in zoology, of 
Eben Horsford, in chemistry, and most of 
all, of that great Master, Louis Agassiz, 
whose disciple he became and continued to 
be as long as he lived. 

Albert Hurd was my teacher. At first he 
seemed cold, distant and severe, but during 
my last three years in college I got to know 
him well. I found him kind and helpful 
and always interesting. He demanded that 
students study. Some of the more timid 
members of his classes approached their turn 
in his recitations with fear and trembling. 
He had an uncanny discernment of a state 
of unpreparedness, and his questions were 
searching. 

Some folks said in my day that the run- 


365 



366 


THE SCIENTIFIC MONTHLY 


away marriage of his daughter Harriet to 
Sam McClure had soured him. Sam (S. S. 
McClure, later of popular magazine fame 
and now for fifty years a trustee of the col¬ 
lege) had not made a very good showing as 
a student at Knox. Harriet’s record for 
scholarship was her father’s pride and joy. 
He objected to the marriage unrelentingly. 
Polks respected the old man’s scholastic 
standards, but their human sympathies were 
with his lovely daughter. 

Professor Hurd was a tall, spare man, 
smooth shaven, with black hair, an aquiline 
nose and a healthily ruddy complexion. 
There was fire in his eye and sprightliness in 
his step. I can see him now as he entered 
the class room, clad in a long black coat, 
white starched shirt and flowing tie. His 
black shoes were always neatly polished. He 
would take his seat at the side of a little table 
on the floor level, and adjust his spectacles 
to ride properly on the top of his nose. He 
would open the book on his knee, and glance 
assuringly at the faces of the students seated 
before him, with a pleased expression that 
seemed to say “I am going to enjoy this hour 
with you. We will examine together a most 
interesting subject. Alert all!” But no 
such word was spoken; it was all conveyed 
in the serene assurance of his presence and 
in the glance of his eye. 

He was an upright man: simple and dili¬ 
gent ; clean-cut in his living as in his speech. 
In his teaching there was no monotony of 
procedure; the element of surprise was never 
lacking. I am sure that no one ever went to 
sleep in any of his classes. He taught all the 
sciences by the lecture method, as was the 
rule in the colleges of his day. But he was 
far from being content to have his pupils 
learn only by hearsay. He wished them to 
see things for themselves whenever possible. 
He had no laboratory. He had only a little 
cubicle of a room where he prepared his ma¬ 
terial for demonstration. In chemistry he 
performed all the experiments himself be¬ 
fore his class, explaining reactions as he went 
along, and writing formulae and equations 
upbn the blackboard. 

There was then in Knox College no labo¬ 
ratory for students in any subject. I re¬ 
member that ten members of the class of ’91, 


wishing to get their own hands on things, 
petitioned the faculty for the privilege of a 
•little laboratory work in chemistry. This 
required the reuse by them of Professor 
Hurd’s scanty materials and apparatus: and 
though it meant more work for him, he sup¬ 
ported our petition and it was granted. And 
I should not fail-to add that he aided our 
feeble undertaking to the limit of his time 
and resources. 

The biology of that day appeared in col¬ 
leges generally as separate courses in zoology 
and botany, with scant indication that they 
had anything in common. Yet there was 
some very good biology taught by Professor 
Hurd. I am thinking especially of a short 
spring term course in botany in which he was 
my teacher. It was mainly flower analysis, 
field collecting and herbarium making. It 
would hardly pass muster now as an introduc¬ 
tory course in botany; but it gave first-hand 
contact with living plants, and it invited 
thinking from the things observed. That 
course was one of the most stimulating experi¬ 
ences of my college life. A great teacher used 
spring flowers to reveal scientific method, 
first in analysis and then in scientific syn¬ 
thesis. When he said “ learn the parts of a 
flower, and learn to recognize them under 
all their disguises,” he was teaching the way 
to study the plant world, and the animal 
world, and the world of human beings as well. 

Sometimes I would see him coming in from 
the woods or the prairie, carrying an old tin 
vaseulum filled with freshly gathered flowers 
for the use of his morning classes. He had 
no personal assistant to help him with such 
chores. Once I heard him say, “If you want 
a thing well done, do it yourself.” 

In the classroom he would hand out the 
plants to be studied. He saw to it that each 
one of us was supplied with plenty of good 
specimens for individual use. Then he led 
us in the examination of them: showed us 
what to take in hand, how to select the parts 
for examination. He directed our attention 
to the characteristics of each kind of plant 
studied, proceeding from general characters 
of form, color, and fragrance to the smallest 
structures that could be seen with the un¬ 
aided eye. Thus he would take up one by 
one the different plants, beginning with the 
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simpler ones in which the parts are most 
easily recognized, making rapid sketches 
upon the blackboard to aid our recognition 
of them, and writing the names in a strong 
hand that was as plain as print. All the 
while he would be noting likenesses and dif¬ 
ferences among them; and he would always 
help us to remember new names by giving 
their Greek and Latin derivation. 

After leading us through this introductory 
exercise, he would turn us loose to make our 
own record of the things seen, to go out and 
find and study additional species of plants, 
and to make our own comparisons. 

We had none of the equipment now con¬ 
sidered essential. We had only pocket knives 
and pins for opening the flowers to disclose 
their parts. At most there may have been 
a few simple, commercial tripod lenses of the 
sort known as “linen testers” available for 
seeing the parts of the very small flowers. 

Of course this was not “general botany”; 
but it was good botany just the same. It has 
lasted me all my life. Though I am not a 
botanist, I still go about the earth making 
delightful new acquaintances in the plant 
world by the methods that he taught me. 

The course in zoology that I had with Pro¬ 
fessor Hurd was much less practical. It 
dealt mainly with the groupings of the larger 
animals. It was a course in gross anatomy 
with animal life left out. The textbook was 
Orton's Zoology. The materials used in il¬ 
lustration were specimens brought down 
from his museum: mainly bones, shells, and 
mounted whole specimens, well selected, and 
well used to supplement the text. Recita¬ 
tions were the rule. They were illuminated 
by his comments, tinctured with the philos¬ 
ophy of Agassiz rather than with that of 
Darwin. Comparative anatomy was then in 
flower. Homologies among the parts of dif¬ 
ferent animals were clearly presented and 
lines of differentiation among them, but 
these things indicated a Creator's infinite 
resourcefulness, rather than blood-relation- 
ship among animals. Facts were fairly, even 
reverently, presented, as they had been by 
Agassiz. 

We had a chance to learn something about 
animals by handling the museum specimens: 
something of their form, size, and appear¬ 


ance, and gained a little first-hand knowledge 
of their systematic relationships. Our con¬ 
tacts with Nature were closer than some that 
came later when lantern slides were substi¬ 
tuted for museum specimens. I fear that 
lantern slides have sometimes been used in 
teaching zoology for convenience and as a 
substitute for brains. And movie films, with 
all their merit of showing action, give still 
more fleeting glimpses of things. They al¬ 
low no time for getting zoology into the stu¬ 
dents' notebooks or even transiently into 
their heads. 

I remember that once when I got an opos¬ 
sum to mount for the college museum (I was 
earning my way through college by means 
of taxidermy), Professor Hurd offered to 
spend an evening with two of us dissecting it, 
in order that he might point out to us the 
peculiarities of marsupialian anatomy. A 
pleasant evening it was: congenial and 
informing. 

In that day a college museum was the best 
of aids to the teachers of the natural sciences. 
It housed the materials for illustrating the 
lectures. Knox College had a museum, a 
good one. Professor Hurd had built it up 
from nothing at all to a fine teaching collec¬ 
tion largely by the labor of his own hands. 
It contained thousands of specimens of plants 
and animals neatly arranged and carefully 
identified and labeled. A partial record of 
its growth is to be found in some of the older 
catalogs of the college. That of 1853-4 
makes the first mention of it as the beginning 
of a geological museum. The next one, 
1854-5, records the purchase for it of a hu¬ 
man skeleton. And that old skeleton (the 
most enduringly useful of museum proper¬ 
ties, serving as illustrative material for many 
courses) may have been looked upon more 
or less understandingly by every student of 
Knox down to this day. 

In my student days Professor Hurd was 
still doing some collecting afield, tramping 
through the then uncut woodlands that lay 
to the eastward of Galesburg among the hills; 
and over the then unbroken prairie sod that 
bordered the Burlington railway tracks in 
three directions from town. On every trip 
he brought in specimens for the museum. 
And he was alert to find sources of new ma- 
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terials. By Lis arrangement I was allowed 
to pay my tuition and other college fees in 
mounted specimens. Among those that I 
prepared for the museum were a badger, a 
black bear, an alligator garfish, and many 
birds. 

Knox in that day was divided, like all 
Gaul, into three parts: Knox College for 
men, Knox Seminary for women, and Knox 
Academy for preparatory students of both 
sexes. The campus was a square area of 
four city blocks, surrounded by a wooden 
fence, with a row of hitching posts for 
horses out in front. The fence was made 
of six-inch boards strung horizontally on 
round posts, that were sawed off to uniform 
height and capped with an added board on 
which whittlers could sit while discussing 
local polities. A new county court house 
stood across the way. Lawyers and ministers 
were then the chief products of the colleges. 

There were three brick buildings on the 
campus: “Old Main,” dominating the scene 
as now, in the central position, and a small, 
square, two-story building on either side. 
The lawn was regularly mowed only at the 
front of the buildings; rearward it was kept 
down by the grazing of a Swedish janitor’s 
cow, tethered to a movable stake; or in part 
it was worn down by baseball practice. 

Professor Hurd and the sciences had 
moved into “Old Main” in 1857 when it 
was new, and his museum occupied a wide 
east room on the top floor, above another 
wide room that served for chapel exercises. 

The two small older buildings (long since 
vanished) were twins; identical twins: East 
and West Bricks. Each housed a large class¬ 
room on the ground floor, and a room for one 
of the two rival literary societies for men on 
the second floor. Behind each building, ex¬ 
tended like a tail to the southward, there was 
a string of half a dozen one-story rooms that 
had served for dormitories, but which in my 
day had fallen into disuse. One of these 
rooms, No. 2 in West Bricks, was given over 
to me for my use as a shop in which to work 
at taxidermy. Some rooms farther back 
were in use for storage of coal. 

During the four years that I worked there 
at odd hours mounting birds and mammals 
for exhibit purposes and for collections, I 


learned incidentally a good deal of practical 
zooldgy. Many curious callers strayed into 
my shop. Few of them failed to ask “What 
do you stuff ’em with?” One day while 
working at my bench, unheeding of a visitor 
who had just stepped inside, I heard him 
say, “I used to live in this room,” and I 
turned around for my first meeting with 
Sam McClure. 

The string of dormitory rooms that formed 
the tail of East Bricks had once, in 1858, 
served as the gallery for a large audience on 
an occasion of great historical importance: 
the fifth of the world-famous series of Lin- 
eoln-Douglas debates on the slavery question. 
A platform for speakers had been erected 
against the east wall of Old Main. A vast 
audience filled the area between, and the roof 
of the dormitory rooms was the gallery at 
the rear. Colonel Clark E. Carr, author of 
The lllini, once told me that in order to get 
a place where he could see (he was of Zac- 
chaean stature) he climbed on the roof of 
dormitory room No. 2 and joined with other 
students in the cheering for Lincoln. 

What to do with the women ? seems to have 
been a troublesome question at Knox, as else¬ 
where. It was thought that more education 
would improve them. How much more they 
could stand and how it might safely be ad¬ 
ministered was the great twofold question. 
The first answer to it was the establishment 
of a Knox Female Seminary for them, with 
its own course of study and its own degree 
of Bachelor of Letters at graduation. 

Although Professor Hurd was in many 
respects conservative, the breaking down of 
the college barriers against women seems to 
have come by way of his courses. Perhaps 
it began at the outbreak of the war in 1861, 
for at that time the college went on a quarter 
system, many students went into the army, 
the teaching force was cut down and econo¬ 
mies were necessary. The catalog for that 
year records that Professor Hurd offered 
botany in the third quarter in both college 
and seminary. The catalog does not state 
that he permitted men and women to meet 
together as one class, but the stringency of 
the time probably compelled it. This edu¬ 
cational experiment, which by that time was 
being tried elsewhere, seemed to work neither 
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harm to the women nor retardation to the 
men, and perhaps it was continued thereafter. 

The catalog for 1867 states that men and 
women might be admitted to Professor 
Hurd’s classes in “senior science”: zoology 
and geology. Botany was still a part of the 
separate seminary curriculum. Botany was 
deemed to be a charming subject, especially 
suited to the feminine mind. 

In 1870 women were allowed to enter the 
men’s college; but being women, it was re¬ 
quired that they should take six years to 
finish the four-year course. This stupid 
concession to masculine conceit did not last 
long. When I entered Knox as a freshman 
in the fall of 1887, nearly all classes in the 
college were open to men and women alike. 
In chapel, however, they were seated sepa¬ 
rately to right and left of the middle aisle. 
And it was an innovation sufficient to be 
noted in the news of the day that for lack of 
seating capacity ten men had to be moved 
over to the women’s side of the room. 

The academy was going out: high schools 
were taking over. The seminary was coming 
in. 

Professor Hurd’s attitude toward women 
was one of genuine chivalry; he was always 
deferential and dealt more gently with them 
than with men. Yet he could be caustic 
when the occasion seemed to demand it. One 
said to me that she was “seared to death of 
him.” He expected- punctuality. I re¬ 
member that one morning two women stu¬ 
dents came straying in singly after the reci¬ 
tation had been begun, and when a third 
followed more tardily, he glanced toward the 
door, and said softly but distinctly, “An¬ 
other lame duck I” and halted the recitation 
until after she was seated. He merely waited 
in silence and let the class by its attitude 
administer the discipline. Nothing more 
was needed. There was little tardiness by 
either men or women in that class thereafter. 

He was more polite with women. He never 
said “Mr.” when calling on a man in recita¬ 
tion; he never omitted “Miss” when calling 
on a woman. He used family names with 
both: but it was “Cushing,” “Stowell,” 
“Calkins,” with men: “Miss Scott,” “Miss 
Fraser,” “Miss Corbin,” with women. He 
told the class one day with great amusement 


that a good woman in town had recently 
asked him if it is true that a woman has one 
more rib than a man. 

"When I first entered Knox College that 
institution was already fifty years old. Pro¬ 
fessor Hurd had been the only teacher of the 
physical and biological sciences for thirty- 
seven years. Before his time there had been 
a “Lecturer” in these subjects. His name 
was Nehemiah Losey. I am indebted to Pro¬ 
fessor A. G. Walton, the present head of the 
Department of Biology, for information con¬ 
cerning Mr. Losey that he gleaned from the 
Knox catalogs of the early years. Mr. 
Losey’s teaching began in the spring term 
of the first year (1837) with “lectures in 
chemistry and natural history.” In the 
second year he offered a course of lectures in 
physiology for both academy and college stu¬ 
dents, with “attendance voluntary.” This 
offering continued in the two years following. 
There was then a fixed curriculum of pre¬ 
scribed studies. Perhaps there was no time 
for extra lecture courses. Probably the tak¬ 
ing of them would earn no credit toward 
graduation. 

In 1843 chemistry appears to have elbowed 
its way into the list of required courses: even 
chemistry “with laboratory”; but the labo¬ 
ratory part was doubtless Mr. Losey’s dem¬ 
onstrations before the class. In 1846 physi¬ 
ology and geology were added. Courses in 
these three sciences continued to be offered 
by Mr. Losey until the time of his retirement 
in 1850. 

In my student days at Knox, Doctor New¬ 
ton Bateman was still president of the col¬ 
lege. He was the “Grand Old School Man” 
of Illinois. As the first state superintendent 
of education he organized the public school 
system of the state. When in Springfield his 
office had adjoined that of Abraham Lincoln. 
Bateman was the man whom Lincoln intro¬ 
duced to strangers as “my little friend, the 
Big Schoolmaster of Illinois.” 

He was small of stature; little more than 
five feet in height and rather delicately fea¬ 
tured. He stood very erect. His eyes were 
blue and he always wore spectacles. In my 
day his hair and beard were snowy white. 

He was a gentleman of the old school, soft 
spoken, mild mannered, dignified, full of 
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kindness and understanding of human frail¬ 
ties. He was the best-loved of the many 
college presidents that I have known. He 
had left the service of the state school system 
to become president of Knox, and had guided 
the college through the long years of poverty 
that followed the war between the States. 

He was rarely seen about the campus ex¬ 
cept when coming and going to and from his 
office, where he sat almost constantly engaged 
in college correspondence. He wrote all the 
letters with his own hand, and copied the 
more important ones in an old, cast-iron, 
screw-down letter-press. I do not remember 
that he had any office assistant at all. He 
also taught one course in moral philosophy 
for seniors. 

Galesburg was still semirural. Streets 
were unpaved, and in a rainy season they 
became quagmires of black prairie mud. 
Professors lived in homes on ample lots and 
tended their own gardens. Doctor Bateman 
lived on a large place on the northwestern 
border of the town: he playfully called it his 
farm. He came to the campus in all weath¬ 
ers in a small buggy drawn by a lethargic old 
horse. Professors walked. 

Those were the days when college oratory 
flourished: when intercollegiate oratorical 
contests were the chief events of the college 
year. Doctor Bateman was himself an ex¬ 
ample of the flowery writing and grandilo¬ 
quent speaking of the time. His chapel 
talks were lectures indeed: finished dis¬ 
courses, that he read to us most impressively 
from carefully prepared manuscripts. Pro¬ 
fessor Hurd, on the other hand, would ap¬ 
pear on the chapel platform with an outline 
of what he had to say written on the back 
of envelopes or other scraps of paper, and 
with only an occasional glance at his notes, 
he would talk to us with a directness, order¬ 
liness and clearness that were delightful and 
often exhilarating. Daily attendance at 
chapel was required of students and faculty 
alike. The members of the faculty sat on 
the wide platform. They took turns at con¬ 
ducting the exercises, or providing a substi¬ 
tute speaker. Often the chapel platform 
introduced us to distinguished visitors. Al¬ 
ways there were announcements that kept us 
informed of coming events. We looked for¬ 


ward most eagerly to the days when Profes¬ 
sor Hurd would speak. 

In that day the leaven of Darwinism was 
working mightily in the field of religion. 
The two men who would occasionally venture 
to discuss it in chapel were President Bate¬ 
man and Professor Hurd. Of the two, Dr. 
Bateman was the more liberal. He was both 
devout and unafraid. I remember his say¬ 
ing to us, “Evolution is but the method by 
which the Builder wrought. It does not 
explain origins." 

Professor Hurd was growing old. Bur¬ 
dened as he was by teaching courses in many 
subjects, by the care of his museum, and by 
his citizen's share in public duties that he 
never shirked, he could not keep up with the 
ever-accelerating progress of the sciences. 
He fell behind. It was not that the kind of 
facts and principles that he taught were, or 
ever will be, no longer needed. Rather it 
was that as a result of modern research, new 
stores were accumulating in the house of 
knowledge and must needs be made accessible 
to a new generation of students. He pleaded 
with his public for enlargement of the facili¬ 
ties of the college for teaching the sciences. 
A report in the Galesburg Republican-Regis¬ 
ter of the Founder's Day meeting of 1893 
says that he appeared as the last speaker on 
the program and told the alumni that Knox 
College was poor in the scientific branches; 
that without better provision in these, she 
would miss her opportunities. He said that 
for forty years he had been the only instruc¬ 
tor in chemistry and the other sciences, and 
for most of that time he had been teaching 
Latin besides. “No longer can this be," he 
said, “for men must be more than instructed; 
they must be educated." 

Change was in order. His own textbook 
of chemistry he knew to be outmoded. He 
attended a meeting of the American Chemi¬ 
cal Society in Chicago, and on his return, 
went into the president's office and sat down 
dejectedly and said: “I no longer know the 
subject of chemistry. I should not be as¬ 
suming to teach it in college." So he felt 
also about the other sciences; and no one was 
more glad than he when later he was enabled 
to hand over the teaching of them to younger 
men. He continued to teach unchanging 
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Latin in his own incomparably gifted way 
to the end of Ms life. 

President Bateman too bad grown old in 
the service. He bad not clung to office; tbe 
office bad clung to bim. Where could a 
suitable successor to sucb a man be found! 
He was earnestly urged to continue at tbe 
helm long after be told tbe trustees of tbe 
college that they should be finding a younger 
man for bis place. He finally got them to 
call one of bis ablest and most loyal pupils, 
Jobn Huston Finley, to be bis successor. 

That was a bappy choice. Doctor Finley 
came to tbe presidency of tbe college in 1893. 
He was then twenty-nine years old. He bad 
graduated from Knox in 1887. He bad 
earned bis doctor’s degree at Tbe Johns Hop¬ 
kins University; bad served with tbe New 
York State Charities Association, and bad 
been editor of tbe Charities Review. He 
knew conditions at Knox; be was a loyal son, 
and was ready to spend and be spent in her 
service. His genial personality, bis scholarly 
attainments, and bis modesty made friends 
for tbe college wherever be went. 

He was a lover of the ancient classics, but 
be was also a lover of humanity, and be saw 
that tbe day of great happenings from the 
development of modern science was at hand. 
He sought to broaden tbe outlook of Knox 
students by bringing in distinguished schol¬ 
ars from other institutions to speak to them. 
Among those who came the first year (and 
again tbe second) there was one biologist, 
Edward A. Birge, professor of zoology (and 
later president) of tbe University of Wis¬ 
consin, who gave a course of six lectures on 
heredity. 

In tbe spring of 1895 I bad tbe good for¬ 
tune to receive a call from Doctor Finley to 
come back to Knox and teach zoology and 
natural history in a summer session for teach¬ 
ers that he bad just inaugurated. After my 
graduation in 18911 bad been for two years 
instructor in science in tbe Jerseyville Illi¬ 
nois High School—two good years, that 
brought me life-long friends. I bad spent 
another year in postgraduate study at Tbe 
Johns Hopkins University, There under 
the direction of that great zoologist, Doctor 
William K. Brooks, with whom I had several 
courses, I was properly put in a freshman 


class in general biology, conducted by Doctor 
E. A. Andrews. That was my first experi¬ 
ence in a biological laboratory. I owe much 
to tbe helpful interest of Doctor Andrews. 
I believe that tbe work I bad in physiology 
with Doctor William H. Howell was also in 
an undergraduate course. 

With sucb admixture of tbe old and tbe 
new in biology, I came back to Knox to teach 
it. For tbe work of that first summer ses¬ 
sion I bad tbe same special equipment that 
Professor Hurd bad bad before me—pre¬ 
cisely none at all. But by following bis 
example and bis methods I got along. Tbe 
outcome seemed to be satisfactory, for Doc¬ 
tor Finley bad me appointed instructor in 
tbe natural sciences for tbe following college 
year. 

That was tbe year that a course in general 
biology first appeared among tbe offerings of 
tbe college catalog. A new and modernized 
curriculum bad been arranged—projected on 
tbe basis of needs, and in tbe faith that tbe 
needs would be met. I bad expected to give 
some sucb course as tbe one I bad taken 
under Doctor Andrews; but there was no 
money available for equipping a laboratory. 
How to modernize without money was tbe 
hardest question confronting tbe young presi¬ 
dent. Tbe new curriculum bad to be read¬ 
justed and that course in biology postponed 
for a year. For the first semester I was 
given, instead, five classes in plane geometry , 
and for tbe second, I was shifted to the 
academy to teach natural history after tbe 
old method. 

Attendance at tbe college was growing, 
and when my second year came around a 
course in general biology could be postponed 
no longer. It was up to me to give it. Tbe 
same first-floor room in the old East Bricks 
in which I bad taught plane geometry was 
to serve as a laboratory with no change ex¬ 
cept tbe addition of a few old tables. There 
were but three microscopes available. One 
of these, a good one, belonged to Professor E. 
L. Larkin, who bad been brought in to teach 
astronomy and physics. The other two were 
so poor that things were viewed through 
them “as through a glass darkly.” Worse 
still, due to tbe delay the number of students 
who bad to have the course was now 165. 
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Here was the severest test of all my teach¬ 
ing experience: what could I give my stu¬ 
dents to do in the prescribed laboratory 
periods? Without microscopes, protoplasm, 
cell constituents, cell division, mitosis, and 
all the basic phenomena that underlie plant 
and animal alike and whose discovery 
brought about the recognition of the science 
of biology, could not be seen. And demon¬ 
stration of them to 165 pupils one at a time 
was utterly impracticable. 

In the laboratory I used the book that re¬ 
quired a minimum of microscopic work. I 
began with, the grasshopper, and then made 
substitutions of my own for large parts of 
that book. I based new studies on materials 
that chanced to be locally available (a phe¬ 
nomenal emergence of the 17-year cicada 
that occurred that year being one of the 
extras). In so doing I learned how full the 
world is of illustrative materials for general 
biology, and how much of it can be seen with¬ 
out microscopes. Gathering this material 
kept me on the jump, but it yielded valuable 
experience and in thirty years of subsequent 
teaching, I never had a more eager or more 
diligent class. 

At the end of that year I won a graduate 
fellowship at Cornell University and was 
given leave of absence from Knox. Doctor 
William E. Castle was appointed in my place. 

I had, of course, been clamoring for micro¬ 
scopes and a real laboratory; and I never 
realized the difficulties President Finley had 
in procuring them until I received a letter 
from him in February 1940, a few weeks be¬ 
fore his death. He then wrote: *‘ You organ¬ 
ized the Department of Biology. Will you 
not let me have for the archives of the college 


your account of the beginnings—not forget¬ 
ting John Brashear,* who let us have a dozen 
microscopes 'on tick’?” 

The first semblance of a real Department 
of Biology in the college, the first assistant 
in biology (Mr. G. B. Smith) and the first 
biological laboratory worthy of the name 
came with Doctor Castle (1896-7). The 
college catalog for that year states: "The 
Department now has twenty-one compound 
microscopes, one dissecting microscope, a 
microtome, embedding apparatus, and many 
microscopical preparations for study. ’’ Doc¬ 
tor Castle organized the laboratory: the de¬ 
partment, like Topsy, just grew. 

After one year at Knox, Doctor Castle was 
recalled to Harvard University for a dis¬ 
tinguished career among the world’s leaders 
in the study of heredity, and Doctor Herbert 
Vincent Neal was appointed Professor of 
Biology in his stead. 

Doctor Neal was a distinguished zoologist. 
He continued to develop and strengthen the 
department for fifteen years. He and his 
capable wife, Helen Howell Neal, were both 
good teachers, of winning personality who 
rendered long and excellent service to the 
college and to the community. 

Now I have set down in writing what I 
remember and in part what I think. This 
narrative is my fulfillment of Doctor Finley’s 
request. Beyond the point of my own de¬ 
parture from the Knox faculty, there are 
others better qualified than I am to continue 
the story. 

* John Brashear was an independent maker of 
optical instruments, and an inventor of note, who 
doubtless extended the credit because he knew John 
Finley. 
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SHADOW AND SUBSTANCE IN CULTURAL 

RELATIONS 

By GEORGE C. VAILLANT 

The United States Government has been To develop such bonds of mutual interest 
experimenting in the field of international between one country and another without a 
cultural relations during the past few years, prolonged period of previous contact is diffi- 
The Department of State, the Office of the cult. It is not like putting on an advertising 
Coordinator of Inter-American Affairs, the campaign where producer and consumer are 
Department of Agriculture, the U. S. Public familiar with the same symbols of ballyhoo. 
Health Service, along with several other The situation is much more akin to those 
agencies, have had a hand in the program, subtle processes that build up the true repu- 
Although the project has been extended to tation of a hospital or university, which must 
China and the Near East, the main emphasis rest on solid services, not cures bordering 
has been on the Latin American Republics. on the craftsmanship of witchcraft nor the 
There has been much criticism in terms of meaty prowess of a football team. To re¬ 
specific failures, and much praise for the nounce an idealistic goal, like the promotion 
general policy. of cultural relations, because it is difficult to 

No two persons define cultural relations convert the results into facts and figures 
in precisely the same way, since culture like those of a commercial campaign, seems 
means highly intellectual pursuits to some, almost equivalent to the official abandonment 
long-haired, pant.y-waisted caperings to oth- of those spiritual values by which man has 
ers, and to yet another group the somewhat been able to ameliorate and dignify the ap- 
formidable field of all those human traits, parent hopelessness of his terrestrial lot. 
possessions, and activities not biologically Cultural relations first put in their appear- 
transmissible from one generation to another, ance when men began to form themselves into 
Yet basically the program works toward di- societies and started to trade and borrow 
rect understanding between peoples as op- from their neighbors such ideas and tech- 
posed to their more formal contacts through niques and things as could enrich their own 
their embassies, their business organizations, lives. It seems too far removed from human 
and those other types of collective frame- experience to include, as antecedents to joint 
work, which so often obscure the human enterprises which belong more strictly to the 
aspects of a nation’s life. realm of economics, such symbiotic rela- 

As an archaeologist in Mexico, I had an tionships, as those between the rhinoceros and 
opportunity to study cultural relations in the rhinoceros bird, or the shark and the 
ancient times, and at the same time to witness sucker fish. Nonetheless trading and bor¬ 
on a contemporary plane the great progress rowing between nations still continue in 
in social and intellectual understanding be- terms of hats, sonatas, mathematical theo- 
tween Mexicans and North Americans in an rems, and governmental systems, instead of 
era when political and economic relations in terms of pots, flint knives, and new gods, 
were somewhat strained. I likewise had the as in the past. Where economically and in¬ 
honor of being the first Cultural Relations tellectually developed, interchange such as 
Attache in Peru, a post which gave an oppor- has existed for many years between En- 
tunity firsthand to observe the effects of our gland, France, Germany, and the United 
new government policy. As a result of these States, makes the process of maintaining and 
two decades of active participation as an in- stimulating cultural relations easy and fruit- 
dividual, a representative of an educational ful; but where such an interchange has not 
institution, and a governmental employee, it been fully established, a productive relation- 
is my belief that international cultural rela- ship is much more difficult to achieve, 
tions are basic to human understanding and France, through the media of its govern- 
should be recognized both officially and un- ment and its nationals, cultivated cultural 
officially. relations more assiduously, perhaps, than 
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any other European country since the down¬ 
fall of the Roman Empire. The intellectual 
and artistic influence of France has pene¬ 
trated more deeply and more widely than 
that of more powerful nations which exerted 
greater pressure in a military and economic 
sense. Furthermore, this development of 
cultural relations on the part of France 
enabled her to live down political activities 
that awakened bitter hostility on the part of 
her rival nations. To much of the outside 
world there was, and perhaps still is, a very 
clear distinction between the government and 
politics of France and the culture and col¬ 
lective intellect of her people. The French 
cultural relations program was not basically 
an administrative scheme although the gov¬ 
ernment recognized its value. Rather, these 
activities represented a delicate equilibrium 
between the creative and the administrative 
aspects of the country, enriched by a willing¬ 
ness to receive stimulation from outside 
sources. 

In this troubled era of the mid-twentieth 
century, the United States has an oppor¬ 
tunity to represent to the world-at-large 
spiritual and social values which promise 
much hope to mankind. Yet our culture and 
way of life still lack many of the elements 
necessary fully to merit that honor. As a 
country we have adopted strangers by the 
tens of thousands and the millions, and, de¬ 
spite very different cultural backgrounds, we 
have incorporated these myriads of immi¬ 
grants into our American way of life. How¬ 
ever, we have not been so successful in 
instilling with a friendly and admiring atti¬ 
tude toward our way of life those people who 
do not want to become our nationals, either 
at home or abroad. That almost mystical 
France of the non-French which represents 
pre-eminence in music, painting, and archi¬ 
tecture, as well as liberty, equality, and fra¬ 
ternity, does not have a prevailing equivalent 
in the United States of today, unless it could 
be among the restricted circle of interna¬ 
tional luxury-seekers who must now find in 
Florida and New York those futile privileges 
which once they could find in France. 

Nevertheless, those who penetrate our gi¬ 
gantic economic frame can find among North 
Americans a warm way of life, high spiritual 
values, opportunities for individual progress, 


and a profound sense of humanity; yet to 
many men of other nations the very size of 
our country and its organizations is repel¬ 
lent. Moreover, many of our American citi¬ 
zens seem to grow an outer carapace of rigid 
technique to withstand the demands of work 
within our exacting economy, and this shell 
tends to restrict the suppleness of mind and 
custom essential for life in the world of 
others, so that in a sense the exigencies of 
daily life in North America restrict the 
sphere of our general interests. 

In the United States we have developed a 
complex and majestic educational system em¬ 
bracing a wide range of training. We have 
thousands of schools, hundreds of universi¬ 
ties, in terms of formal education. There are 
scores of well-staffed public libraries, and 
dozens of museums which offer, on an in¬ 
formal basis, the raw materials of civiliza¬ 
tion and guidance thereto. However, when 
our citizens are placed against a foreign 
background, as in Mexico or Peru, their edu¬ 
cational opportunities seem to have produced 
individuals who are hard, narrow, and 
specialized to the exclusion of the broad 
aspects of human understanding. 

We have made profound obeisances to the 
civilizations of England, France, and Ger¬ 
many, respecting what they had to teach us, 
and we have even saluted distantly the an¬ 
cient world of Egypt, Greece, and Rome. Yet 
until the outbreak of this World War, when 
military needs began to usurp academic sanc¬ 
tion, great areas of the world were either 
neglected or at best perfunctorily treated. 
Channels of communication were either non¬ 
existent, shallow, or completely blocked be¬ 
tween the men and women of the United 
States and China’s four hundred millions, 
the millions of people who use the Spanish 
tongue, the countless hordes of India, the 
awakened masses of Russia, and the dimly 
conceived myriads of white, brown, and black 
Africans. 

If the present trend of foreign relations 
continues along the lines to which we have 
morally committed ourselves for years to 
come, we are going to have increasingly close 
contact with these great populations of other 
continents. We are not going to be able to 
receive these millions as immigrants and 
process them into the North American sys- 
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tern. No one should think that the gift of a 
few educational moving pictures, some self- 
laudatory articles placed in the foreign 
press, and canned radio programs is going 
to convert the rest of the world’s population 
into mirror images of ourselves. Strident 
good wishes and accurately drawn blueprints 
drafted within the United States cannot 
answer the economic and governmental prob¬ 
lems of old, old cultures developed through 
the millennia and to answer specific social 
and regional needs. We shall have largely 
to work in terms of other people’s rules, and 
the old saying “Who pays the piper calls 
the tune” is not applicable to those whose 
ears are not attuned to bagpipe music. 

I am not one to yearn to be a national of 
another country, a member of a different 
social class, or a person who lives in another 
era. I likewise can understand an equivalent 
lack of desire on the part of a citizen of 
another nation to be Americanized. I feel 
that some of our propaganda in Latin Amer¬ 
ica has been ingenuous, if one may be per¬ 
mitted to use in charity that adjective as a 
synonym for stupidity about the economic, 
social, and cultural background of others. 
For example, in the United States we know 
what we mean and therefore discount our 
advertising when it refers to the war effort. 
On the other hand, to many sensitive Latin 
Americans it is inconceivable that a nation 
fighting for its life can view with equanim¬ 
ity ads which show its soldiers immaculately 
dressed on the fighting fronts, its women tak¬ 
ing men’s places in the factories but main¬ 
taining lipstick, polished fingernails, and 
wearing overalls tailored to promote senti¬ 
mental ardor. 

Therefore I believe that a strong cultural 
relations program on the part of the United 
States must have its base within our own 
country, and within our frame of formal and 
informal education. It should embrace a 
clear knowledge of the economic, social and 
cultural inconsistencies of our own civiliza¬ 
tion, as well as extend through area-language 
studies into the attitudes of other nations. 
If we were able to envisage how some of our 
cultural lags, like bad writing and undevel¬ 
oped painting, look to the critical eyes of 
other countries, and how some of our racial 
inequalities appear to the outside world, we 


could more justly defend the broad humani¬ 
tarian base of most of our social and edu¬ 
cational thinking. 

If we recognize the extraordinary geo¬ 
graphic and technical advantages with which 
our country has been endowed through no 
effort of our own, we may also take pride in 
the full usage we have made of these gifts. 
We have been able to handle, within our own 
geographic borders and in terms of our indi¬ 
vidual states, differences in geography, cli¬ 
mate, economic opportunity, and cultural 
background with considerable tolerance and 
understanding. It is well within the realms 
of possibility that we can extend such atti¬ 
tudes to the world-at-large. Yet we should 
be clearly conscious of our many sins of 
omission and commission, which appear the 
greater because of the privileges of our own 
development. 

Such a shift in educational emphasis can¬ 
not be achieved by administrative fiat. We 
have too long and too zealously defended 
education from government control. There 
are signs through the swell of interest to¬ 
ward studies combining language with hu¬ 
man geography that we are developing this 
broader attitude through the collective think¬ 
ing of our more extroverted educators. Such 
a transition, no matter how seductive the 
directive philosophy, is not made overnight, 
for methods of education are resistant to 
change. Moreover, it is a truism that teach¬ 
ing cannot be effective without knowledge, 
and knowledge is acquired only by a long, 
laborious process of building up the neces¬ 
sary reservoirs of information for those lands 
and peoples outside of our previous orbit of 
learning. It is at this point that we come 
directly within the scope and sphere of the 
cultural relations program of the United 
States Government and what it can accom¬ 
plish. 

The cultural relations program cannot op¬ 
erate in a vacuum. It cannot exist alone 
within the confines of a government bureau . 
It must receive encouragement and accept¬ 
ance from the nongovernmental world. Ba¬ 
sically, the problem is to expose the greatest 
number of North Americans to society and 
thought in other countries and to achieve 
reciprocal attention from other nationals in 
terms of the United States. The reduction 
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of endowment income and slackening of the 
rate of endowment accretion on the part of 
foundations and institutions of learning 
make it difficult in the extreme for that 
broadening to be carried on entirely by pri¬ 
vate sources. Yet the preparation of person¬ 
nel, both in terms of social attitudes and 
technical knowledge, of necessity must rest 
with private agencies, be they educational or 
economic. Our Government can take and is 
taking steps to facilitate the process of inter¬ 
national understanding through the medium 
of technical missions, travel grants, cultural 
institutes, and by adding to the personnel of 
embassy staffs individuals whose duty it is to 
watch and cultivate cultural relations. 

The technical missions sent from the 
United States to the republics of Latin Amer¬ 
ica, to China, and to the Near East, with the 
possibility of further expansion in the fu¬ 
ture, have very definite advantages, judging 
from results in the fields of public health, 
agriculture, and vocational education. The 
disadvantages of the mission idea are per¬ 
haps psychological, rather than practical. 
The larger a mission the more unilateral it 
becomes. A friend of mine compared a large 
eleemosynary enterprise of this type to a 
kind of spiritual diving bell: the members of 
the organization were so completely sealed in 
by United States administrative methods 
that they did not function in terms of the 
social elements of the nation which they were 
serving. Local employees who were taken 
on, entered into a minor North American 
world, but there was little or no give-and- 
take with the national population in general. 
Such an organization set up to stimulate and 
teach spmething we take for granted, like 
child guidance, may well return after its tour 
of duty leaving nothing behind to continue. 
The social, economic, and governmental back¬ 
grounds may be so foreign that its function 
cannot be fruitfully grafted into the social 
structure of the nation. In such eases an 
organization, while performing valuable and 
essential tasks in reaching and developing 
social and economic life and thought of the 
United States, may be nothing but a non¬ 
functional luxury in a country which cannot 
afford its maintenance or is not yet ready to 
accept its social implications. This situation 


comes into the category of putting a modern 
American bathroom with all its fittings into 
a house in a town which has no water supply, 
an infelicitous example of which I once had 
occasion to observe. 

The travel grants and aids to scholarship 
seem, in the long run, to be very much more 
effective means of promoting cultural rela¬ 
tions since individual nationals have an op¬ 
portunity to find their own spiritual and 
social circles. The individual has oppor¬ 
tunity to meet people with kindred interests 
and to penetrate into the life of a country, 
as it is lived, as opposed to how it is ad¬ 
ministrated. 

There are few adverse reports from Latin 
American students who returned from study 
in the United States. In a certain number 
of cases, the criticism which such students 
have to offer is that it is difficult to reconcile 
the individual values of friends whom they 
have made in the United States with the col¬ 
lective attitudes and actions of the American 
colony resident in their own nation. I know 
myself that the experience of individual 
North American students and research men 
in Latin America has been infinitely more 
happy and productive of richer friendship 
and understanding than that of most North 
Americans who have gone to Latin America 
as members of some governmental or busi¬ 
ness organization. 

The accumulation of rich individual ex¬ 
perience will lead in the long run to much 
deeper understanding than the process of 
trying to interarticulate bureaucracies and 
governmental agencies of one country with 
those of another. Such a process as that of 
individual exchange must be slow. Its full 
effect probably cannot be seen for another 
generation, but it is worth the trouble. In¬ 
dividual writers and students, like William 
Hickling Prescott, Charles Ticknor, Charles 
Flandrau, Stuart Chase, Thornton Wilder, 
and William L. Schurz, have done more for 
inter-American relations than many of our 
ambassadors. Reciprocally, Diego Rivera, 
Orozco, Carlos Chavez, and Ezekiel Padilla, a 
writer as much as a statesman, have enor¬ 
mously enhanced the relations between Mex¬ 
ico and the United States. The creative 
and productive individual is at the heart of 
international cultural relations. 
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Cultural institutes set up in various Latin 
American cities to facilitate knowledge of 
North American life and language offer good 
possibilities in international understanding, 
if they are skillfully and intelligently di¬ 
rected. Their most effective function is that 
of an agency for public benefice, like libra¬ 
ries, museums, and equivalent institutions 
within the United States. Their develop¬ 
ment will be slow. It will be necessary to 
create a clientele. Yet they offer a means of 
contact between the economically and intel¬ 
lectually unprivileged in the larger cities 
and various aspects of North American life. 
Good and inexpensive language teaching is 
the basic function of most of these institutes, 
but lectures, moving pictures, exhibitions, 
and maintenance of good libraries are valu¬ 
able supplements to their work. 

It has become readily apparent that an 
institute should not be a direct propaganda 
agency. Yet one of the great dangers which 
the institutes run is that they may be forced 
to do propaganda according to the method¬ 
ology of high-pressure North American ad¬ 
vertising in order to sell the United States 
to Latin America, a task which is building 
on sand. Salesmanship implies a competi¬ 
tion between products, a lauding of the 
good points of an article, and the suppression 
of its defects. The same spirit of tolerance 
and self-criticism, which is so much a part 
of our life in America, should be made evi¬ 
dent in our institutes. The range of choice 
of interest or of point of view likewise should 
be evident in these organizations. The in¬ 
stitutes should be easily accessible store¬ 
houses where each individual may take what 
he wants of the American way. 

The selection of personnel to run the in¬ 
stitutes and to teach requires the most judi¬ 
cious treatment. To run an institute re¬ 
quires all the gifts necessary to manage a 
public service agency within the United 
States; in fact, even greater since the insti¬ 
tutes must operate in a foreign atmosphere. 
There has been in the past, but this is being 
corrected now, a tendency to undervalue the 
skill and feel for human relationships neces¬ 
sary for the personnel of such organizations. 
Ideally, an institute should be able to furnish 
that which the local community collectively 
and individually desires to absorb from us 


or to know about us, just as a public library 
or a museum within the United States deli¬ 
cately adjusts its policies to the range of 
interest within the community it services. 

There is a great sphere for Cultural At¬ 
taches since they maintain the channels be¬ 
tween our own Embassy or Legation and 
the intellectual life of the country where 
they are stationed. Intellectual opinion 
may not have any direct political effect, 
but it may be a guide and a gauge to things 
to come. It also furnishes a means of ap¬ 
praisal of the social and intellectual signifi¬ 
cance of a country as opposed to its political 
strength. In many countries, in which we 
may include our own, there is quite a distinc¬ 
tion between the values of governmental 
personnel and those of private individuals. 
The word “politician” or “bureaucrat * 5 has 
very much the same significance in every 
country in the world, and yet for interna¬ 
tional relations to be carried on solely be¬ 
tween government employees and politicians 
is surely much at variance with the true 
course of human understanding. 

It was the experience of my wife and my¬ 
self in Lima that the Cultural Attache could 
give himself to his task better if he had held 
some sort of position in his own country as a 
humanist, scientist, or creative artist. His 
position rests every bit as much, if not 
more, on that status than on his status ac¬ 
cording to protocol. Yet, having a rank in 
protocol as an attache makes it possible to 
meet people more freely and with less pre¬ 
liminary social maneuvering than would be 
needed by a private individual. It was our 
belief that it would be impossible to make a 
life career out of being a Cultural Attache, 
that without creative production and all 
which the term implies, one’s relations and 
duties would soon fall into the most super¬ 
ficial of activities, a cross between a contact 
man and a hostess in a restaurant. More¬ 
over, in shifting from country to country 
one’s activities would become stereotyped 
and there would not be the same intensity of 
interest that is the case when one gives one¬ 
self fully for a short period of time. 

We believe that if the post of Cultural 
Attache is to be maintained, it should be ex¬ 
tended to all the countries of the world, and 
that the incumbents should be men and 
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women of distinction in many different fields 
so that there would eventually, in a period 
of years, evolve an intimate relationship be¬ 
tween members of various professions in the 
United States and their confreres in other 
parts of the world. A man who is not a doc¬ 
tor, for example, cannot estimate the abilities 
of individual members of the medical profes¬ 
sion. So often the men doing the most valu¬ 
able work are not those who have the greatest 
public name, and yet it is acquaintanceship 
and understanding and mutual participation 
that have enabled the professions to be truly 
international, in function and in ideal. In 
time one could conceive of a collective body 
of evidence accumulating in the Embassies 
which would enable a hard-pressed foreign 
service staff to exercise discriminating gui¬ 
dance to visitors and background appraisal 
of individuals in the political scene, which 
would vastly enhance their work. 

We have seen in Latin America hundreds 
of Americans coming south on government 
missions. Their idealism is high, their task 
is noble, but they move through social atti¬ 
tudes and traditions of the people whom they 
wish to help with the delicacy of a regiment 
of tanks. They may reach certain objectives, 
but behind them they leave devastation in 
the way of injured feelings. On the other 
hand, one can see a single individual, with 
no funds at his disposal and with no power, 
being able simply through the exercise of 
understanding and interest to build a last¬ 
ing bridge between his people and his friends 
in the local population. He becomes a surro¬ 
gate for his own nationals. 

The professional foreign service personnel, 
ambassadors, ministers, and secretaries, have 
so many obligations which their metier en¬ 
tails that they do not, cannot, have the time 
for establishing close contacts in the broad 
cultural fields. Under certain conditions, the 
rules of the service would tend to prevent 
their associations with distinguished indi¬ 
viduals who were politically abhorrent to the 
government with which official relations 
were maintained. In many cases, the cul¬ 
tural relations attaches can relieve the pro¬ 
fessional foreign service officers of many of 
those time-consuming, semiofficial tasks which 


harass our missions abroad. The reaction in 
Peru was most favorable to the thought that 
the United States through its Embassy sent 
a man to maintain relationship between their 
intellectual life and ours, irrespective of 
political considerations. 

The nations of the world undoubtedly will 
be in much closer contact in the future. 
They will have to work in greater intimacy. 
Isolation will be well-nigh impossible. There 
will be frictions, misunderstandings, and 
hatreds engendered by straight proximity of 
contact. One will see conflict between one 
government and another, the agency of one 
government and the equivalent organization 
in another. One will see misunderstanding 
between commercial enterprises and their 
obligations to the social and economic inter¬ 
ests of their own and other lands. It be¬ 
comes essential that there be some sort of 
contact and representation between the peo¬ 
ple of the different countries, as opposed to 
the different organizations, and that ideal is 
best achieved through these various cultural 
relations enterprises. 

In some cases where relations are estab¬ 
lished, individual communication through 
reading, travel, and art appreciation will do 
the work with relatively little government 
stimulus or pushing, but there are many 
lands in which our businesses and our gov¬ 
ernment have stakes concerning which our 
people know nothing and whose populations 
cannot conceive of Americans as private citi¬ 
zens having a national life. In such cases, 
the panoply of governmental cultural rela¬ 
tions will have to stimulate such interest 
through student exchange, travel grants, cul¬ 
tural institutes, and hard-working attaches. 

The program, the procedures, the person¬ 
nel are all new in cultural relations. It is 
experimental, but the work each year is 
better handled than the year before. The 
program has resulted in very real accom¬ 
plishments. The present cultural activities, 
properly backed by our people and our pri¬ 
vate agencies in the United States, may do 
much ,for international relations of the 
future since it gives mankind a chance to 
know itself, with a minimum of adminstra- 
tive formality. 



THOREAU’S SCIENCE 

By RAYMOND ADAMS 


When Henry Thoreau went to live at 
Walden Pond exactly a century ago, no one 
thought of him as a scientist even as the 
word was used then. He didn’t think of 
himself as a scientist. Indeed, ever since his 
graduation from Harvard in 1837 he had 
thought of himself as a teacher looking for 
a school, and as an author looking for a 
reading public, and as a land surveyor earn¬ 
ing money by applying what he had learned 
from mathematics in college. He was some¬ 
thing of a carpenter, having helped his father 
build a home for the family a year before 
and now building his own house near Wal¬ 
den Pond, not to mention certain fences and 
sheds he had built at Emerson’s while he 
lived there in 1841. He was a gardener, 
though competing with the Irishmen in that 
occupation hardly seemed the thing for a 
Harvard graduate. And he was, of course, 
a pencil-maker, for that was the source of 
the family income. He had been a poet and 
still felt the urge to cast his ideas into arrest¬ 
ing transcendental verses sometimes. But 
these were not scientific pursuits. 

Thoreau had, to be sure, something of a 
reputation as a naturalist. But that needs 
qualification. Before 1845 he was a romantic 
naturalist surely, enjoying sentimentally the 
impact of nature upon him and writing so 
delightfully about his encounters that “poet- 
naturalist” (the name his intimate friend 
Ellery Channing gave him) is the best name 
for him during his first eight or ten years 
out of college. Lately, in American Natur- 
ists (1930) Henry Chester Tracy has coined 
the word naturist , “an ardent lover and ob¬ 
server of the life out-of-doors, wholly and 
somewhat naively responsive to its lures, 
unhappy if long deprived of its contacts.” 
Tracy uses the word to distinguish such lov¬ 
ers and observers from naturalists who are 
scientists in the ordinary sense of the term. 
But Tracy’s word has not fixed itself in the 
language. “Romantic naturalist” will have 
to serve for describing Henry Thoreau dur¬ 
ing the pre-Walden years. 


Strictly speaking, there are no pre-Walden 
years in Thoreau’s interest in nature. He 
had always known Walden. While he was 
a boy the family, under the leadership of 
nature-loving Mrs. Thoreau and exception¬ 
ally among New England families, had spent 
a great deal of time on nature expeditions. 
Walden Pond and its steep shores had been 
an early resort of the family and then of 
the boy by himself. By 1845 Thoreau had 
observed birds in the groves of academe 
adjacent to Harvard Yard, had walked to 
Wachusett and written an essay about the 
expedition, had made the great odyssey with 
his brother down the Concord River and up 
the Merrimack, had taken many a winter 
walk and knew much of night and moon¬ 
light. But perhaps he knew Walden best 
of all and surely went there no stranger 
when he decided to become a resident of that 
neighborhood. All this proves an early and 
abiding interest in nature, witnessed by the 
appearance of nature directly or in allusion 
on nearly every page Thoreau wrote for the 
magazines before 1845 and equally on every 
page of the remarkable book, A Week on 
the Concord and Merrimack Rivers, which 
he wrote while he lived at the pond, for 
Walden, a record of his life there, was writ¬ 
ten later. But, to repeat, this long interest 
in nature was not quite scientific. True to 
romanticism, he found “thoughts that do 
often lie too deep for tears” in the flowers 
he saw and could address a rhodora as en¬ 
dearingly as ever Emerson did. Before he 
went to Walden to live, he had for many 
years observed nature affectionately, ab¬ 
sorbed nature as experience rather than as 
experiment, and known nature personally. 
But the approach to nature as ,a person is 
obviously not scientific; it is poetic, which is 
not to disparage that approach at all. There 
is a large place in our literature for a 
Thoreau, a W. H. Hudson, or a Richard Jef¬ 
fries. The recording by such men charms 
our hearts as much as nature herself had 
charmed their own hearts. But theirs are 
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understanding hearts that sublimate their 
observations into emotional or even spiritual 
moments. If the observations are scientific, 
they are only incidentally so. Primarily 
such men are artists using the materials of 
nature. 

Before 1845 and the going to live at 
Walden Thoreau had published seven prose 
essays, twice that many poems, and some 
translations or selections from ancient litera¬ 
ture, and a few prose fragments here and 
there in magazines of the day. Of the seven 
prose essays, three might possibly have sci¬ 
entific content and are clearly natural his¬ 
tory essays: “Natural History of Massachu¬ 
setts/ J “A Winter Walk,” and “A Walk to 
Waehusett.” And these three pretty well 
prove the point of the last paragraph, that 
Thoreau before he went to Walden Pond was 
more romanticist than scientist. The two 
essays that describe walks, one westward to 
Wachusett Mountain and the other a circuit 
of winter landscapes in Concord, have little 
or no scientific content. They are descrip¬ 
tions of two walking trips, a bit stiff in com¬ 
position here and there, and more concerned 
with the actions and reactions of the walkers 
than anything else. “A Winter Walk” is 
the better essay and contains romantic pas¬ 
sages like this tribute to the winter sun: 

What fire could ever equal the sunshine of a 
winter’s day, when the meadow mice come out by the 
wall-sides, and the chickadee lisps in the defiles of 
the wood? The warmth comes directly from the sun, 
and is not radiated from the earth, as in summer; 
and when we feel his beams on our backs as we are 
treading some snowy dell, we are grateful as for a 
special kindness, and bless the sun which has fol¬ 
lowed us into that by-place. ( Writings , <c Walden 
Edition, ’ ’ 1906, V, 168). 

Such passages and such essays are of the 
stuff of romanticism, and not even Thoreau 
claimed they were scientific. He did better 
in the romantic line a few years later in 
essays like “Autumnal Tints” and “Walk¬ 
ing.” And one needs but compare the sen¬ 
tence about the blessing of sunshine upon 
one’s back with the sunshine in the exquisite 
final three paragraphs of “Walking” to see 
how far Thoreau would go as a romantic 
naturalist, to say nothing of how far he 
would also go as a scientist. 

“Natural History of Massachusetts” has 


more to be said for it, both as an essay and 
as science. It is a curiously wrought essay, 
beginning as a review of four natural his¬ 
tory surveys recently published by the Com¬ 
missioners on the Zoological and Botanical 
Survey of the State [Massachusetts], but hav¬ 
ing woven into it a great many passages from 
Thoreau’s journal, of rather a better quality 
than the romantic passages in the two pe¬ 
destrian essays of 1843. Perhaps because of 
its broader canvas, perhaps because it deals 
with general surveys rather than with one 
particular excursion, perhaps because it is 
more personal while being less specific, this 
essay is better literature than the two which 
describe walks. Thoreau’s ideas seem more 
intimate because he is not confined to events 
so much. Yet this more considerable essay, 
based on four books of science, is not the 
work of a scientist. Naturally, Thoreau does 
not go beyond the classificationists in his esti¬ 
mates of these reports, for the reports are 
classifications, and biology in America about 
1840 was Linneaean-in its adherence to classi¬ 
fication. Near the end of the essay Thoreau 
writes his definition of a man of science, and 
the definition proves in its emphasis on 
greater sensitivity and sympathy almost a 
paraphrase of Wordsworth’s definition of a 
poet: 

The true man of science will know nature better 
by his finer organization; he will smell, taste, see, 
hear, feel, better than other men. His will bo a 
deeper and finer experience. We do not learn by 
inference and deduction and the application of 
mathematics to philosophy, but by direct intercourse 
and sympathy. ( Writings, Y, 181.) 

This is a good definition of a romantic nat¬ 
uralist, not a man of science. And Thoreau, 
whose own science for many years did not get 
beyond measurements and classifying and 
collecting, objects that these volumes “deal 
much in measurements and minute descrip¬ 
tions.” We can understand what he meant. 
He went beyond measurements and minute 
descriptions—but as a romantic essayist 
rather than as a scientist. There is at least 
one passage which redeems the whole essay 
scientifically, the two pages devoted to the 
muskrat. Here, it seems to me, we get a fore¬ 
taste of Thoreau’s science at its best—here 
is the muskrat in his environment, living 
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through his year, the natural history of the 
muskrat. And the whole is objective, based 
on observation, accurate, detailed, and re¬ 
lated to the entire economy of nature as 
Thoreau himself had observed it. 

With such meager science, unhelped by his 
studies at Harvard from 1833 to 1837, an in¬ 
different observer (missing especially many 
common birds), without binoculars or spy¬ 
glass (he bought a spyglass as late as 1854, 
near the end of his life, and never owned 
binoculars), with surprisingly crude tools, 
and satisfied with the current vogue for 
classification and listing, Thoreau went to 
live at Walden an indifferent man of science, 
though a good poet-naturalist. Bradford 
Torrey, himself a good ornithologist, pointed 
out these shortcomings in his introduction 
to the fourteen volumes of Thoreau’s jour¬ 
nal (1906); and Henry Seidel Canby dis¬ 
cussed it on pages 322 to 336 of his biog¬ 
raphy Thoreau (1939). Thoreau took up 
his abode in the little house beside the pond 
for several reasons, to straighten out his own 
thinking after two fearful losses (the death 
of his beloved brother and the failure to win 
Ellen Sewall), to write a book in tribute to 
his brother and in furtherance of his am¬ 
bitions toward authorship, to test an eco¬ 
nomic theory, and to find a philosophy of 
life. We begin now to see scientific method 
emerging. His testing of his economic 
theory, regardless of what we may think of 
the theory, was a scientific testing, an ex¬ 
periment. His driving life into a corner and 
examining it was an application of the scien¬ 
tific method also, for he isolated his material 
first and then tested it. The material hap¬ 
pened to be his own life; but the method was 
more scientific than his method had usually 
been. 

The ultimate product of his Walden ex¬ 
perience, the book called Walden , contains 
one other scientific quality. Thoreau spent 
much of his time at the pond measuring, ob¬ 
serving, recording, checking, and fitting into 
its environment and into the seasons the lake 
itself. So the book is an excellent bit of 
limnology. How good it is can be learned 
from the article “Re-examination of Tho¬ 
reau ’s Walden” by E. S. Deevey, Jr., in The 
Quarterly Review of Biology for March 1942 


(XVII, 1-11). Thoreau himself seems to 
have realized that the limnology of the book 
w r as significant, for he made a careful map 
and included it as the only plate in Walden. 
The map contributes almost nothing to an un¬ 
derstanding of Walden as a work of art nor 
to appreciation of the nature lore presented 
so attractively in the text. One can think of 
half a dozen other maps that Thoreau could 
have drawn more helpfully. But for supple¬ 
mentary use with a scientific account of the 
lake the map is very valuable indeed, giving 
directions, soundings, profile cross sections, 
sand bars, area, and such items of data. 
Here is indeed the geography that Canby 
sees running through all Thoreau’s aspira¬ 
tions as a scientist, the “study of man’s en¬ 
vironment with reference to its effects upon 
man.” But the limnology of Walden leaves 
man out; for once, and almost for the first 
time, Thoreau leaves romantic concerns be¬ 
hind and deals with nature objectively. 

One must remind himself that objectivity 
is not Thoreau’s forte, that science is not his 
aim. He did not claim to be a scientist, 

I felt that it would be to make myself the laughing¬ 
stock of the scientific community to describe or at¬ 
tempt to describe to them that branch of science 
which specially interests mo. . . . The fact is I am 
a mystic, a transcendentalist, and a natural philos¬ 
opher to boot. (Writings, XT, 4.) 

His interest in nature, landscape, darkness, 
or season is almost always the romantic in¬ 
terest of enjoying their effects upon him. 
Through all his writing runs a preoccupation 
with sounds, not the recording of bird calls 
or the booming of ice (though these record¬ 
ings are frequent enough, too) but the charm 
of sounds that waft themselves to him from 
a distance, a drum in the night, a cow bell 
from some farm pasture, or a fire alarm 
heard at Walden from Concord village. He 
is a poet of sounds; they come to him sifted 
by distance and freed of mundane quality; 
they charm him even when they themselves 
are ordinary or harsh; they, more than any¬ 
thing else in his experience, are likely to start 
his imagination down some winsome track. 
The buzzed trail of a mosquito through his 
airy house at Walden starts Homeric 
thoughts in Thoreau. This use of sounds in 
what he wrote proves him the poet-naturalist 
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more than the scientist. But now and then 
he is the scientist. 

At last, near the end of his life, in his last 
public lecture and the piece last published 
before his death, Thoreau could say in intro¬ 
duction, “I need offer no apology if I invite 
your attention, for the few moments that are 
allotted me, to a purely scientific subject.’’ 
The subject is contained in his title, “The 
Succession of Forest Trees, ’ ’ an address read 
to the Middlesex Agricultural Society in 
Concord, September 20, 1860, and printed 
twice before the year was out. Indeed, he 
needed not apologize. This is excellent sci¬ 
ence. Put beside the early essays * 4 A Winter 
Walk” or “A Walk to Wachusett” or even 
beside the essay-review “Natural History of 
Massachusetts” this essay shows a decisive¬ 
ness, a confident use of reliable data, a care¬ 
ful assembling and checking of facts that the 
nature essays of the 1840’s lack. Put beside 
the nearer essays which Thoreau gleaned 
from the same later journals and wrought 
into essays but a year later than this one, 
11 Walking, ” “ Autumnal Tints, ” and “ Wild 
Apples,” this essay on secondary succession 
shows scientific competence that the others 
lack, probably because in the others he was 
not speaking as a scientist but was at his best 
again as a romantic naturalist. Thoreau 
takes up a problem (Why, when a pine wood 
was cut down, a growth of oak sprung up, 
and vice versa) that had not been clearly 
explained by anyone; and, relying entirely 


upon his own observations, leaving nothing 
to hearsay, he shows why the succession is 
as it is, why it must always be so whenever 
all the conditions are present, and why the 
vulgar explanations are unscientific and in 
error. He advanced a theory and then went 
“to a small but very dense and handsome 
white pine grove, about fifteen rods square” 
in the east part of Concord. He carried both 
his theory and a measure of skepticism with 
him. But he must conclude, “I confess I 
was surprised to find my theory so perfectly 
proved in this case.” But he knew it was 
in this case only. He did not stop there. He 
proved his theory in case after case until he 
had a water-tight case indeed. The essay is 
beautifully written; it is good literature as 
well as good science. And on both scores it 
has been neglected among Thoreau’s writ¬ 
ings. But there it is, the scientist in action. 

Before Thoreau had finished his essay on 
forest trees, he had both proved his theory 
and woven into the fabric of his proof the 
whole environment of the trees, not except¬ 
ing man. This is not quite geography, 
though he does not neglect geography in his 
essay. This is a study of the interrelations 
of all the elements of a given environment 
upon one another. I think now we can find a 
word to describe Thoreau in this final per¬ 
formance as a scientist. When he assembled 
his data and presented his report on the suc¬ 
cession of forest trees in Concord he was an 
ecologist. 
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THE FOREST AND THE SEA 

By MARSTON BATES 


This title sounds like a transliteration 
from that of the charming book by H. M. 
Tomlinson, The Sea and the Jungle , but 
the similarity is what the biologist would call 
convergent. Tomlinson arrived at his title 
by travel over the sea and through the jungle, 
while the analogy developed in the present 
article is the result of reading about the sea 
while living in the forest. The idea of direct 
comparison between the biological environ¬ 
ments of the sea and the tropical forest first 
occurred to me one day when I was showing 
one of our study areas in the foothill forest 
of the Eastern Andes to a botanical friend. 
We had lunch beside a little stream in a 
ravine where the forest was dark and quiet, 
singularly lifeless. Later I persuaded the 
botanist to climb the ladders on one of our 
trees, a dizzying experience that many of 
our visitors forego. We rested at the 14- 
meter platform, and then climbed on to the 
24-meter platform, which is well up in the 
canopy of the forest at that particular point. 
It was a sunny day, and the contrast between 
the forest floor and the forest canopy was 
striking. A near-by tree was in flower and 
humming with insect life ; mosquitoes, which 
had been absent on the forest floor, began to 
annoy us; but we had a good vantage point 
for bird watching and there were several 
birds about, including a large hawk perched 
on a near-by branch, apparently completely 
indifferent to our presence. 

We had built these ladders and platforms 
to study the vertical distribution of organ¬ 
isms, particularly mosquitoes, in the forest, 
and we had found that each species of mos¬ 
quito showed a characteristic vertical orien¬ 
tation, some flying only near ground, others 
only high in the trees, and so forth. But I 
had not thought about the curious parallels 
between the stratification of life in the sea 
and the stratification in the forest until this 
sunny day, as we sat in the treetop dangling 
our feet over the forest depths. We were in 
the pelagic zone of the forest, in the zone of 
active photosynthesis on which the whole 


complicated biological structure of the forest 
depended. Below we had been in the 
benthos, where organisms depended pri¬ 
marily on the detritus that drifted down 
from above—on fallen leaves, on fallen 
fruits, on roots and on the few plants that 
were adapted to growth in the relatively dim 
light of the lower forest strata. 

The differences between the forest and the 
sea are, of course, so profound as to reduce 
any analogies to the level of verbal play. In 
the single question of stratification, the dif¬ 
ference in scale in the two environments is 
tremendous. A recent study of plankton 
distribution that I have been reading about 
involves a scale of depths of 200 meters, while 
our mosquito distribution studies are made 
in a vertical band of 25 meters. To compare 
the “gloomy depths of the sea” with the 
“gloomy depths of the forest” is really so 
far-fetched as to be ludicrous, even though 
each phrase may be apt enough in its own 
context. Yet the basic analogy, when it is 
developed, shows many curious parallels that 
seem, at least, amusing. The real basis of 
similarity is that both the forest and the sea 
are fundamentally three-dimensional habi¬ 
tats. This fact has long been realized by 
marine ecologists, but the three-dimensional 
aspect of the forest has not received, it seems 
to me, the attention it deserves, though this 
is perhaps merely a single aspect of the gen¬ 
eral neglect of the biological problems of the 
tropical forest. Perhaps it should be ex¬ 
plicitly noted that I am referring to tropical 
forests (and tropical seas); northern forests, 
with their characteristic uniform stands of 
trees and less diversified fauna do not fit the 
analogy so well. 

The biological similarities between the for¬ 
est and the sea stem from two conditions that 
these environments have in common; the 
vertical gradation in light, due in the one 
case to the arrangement of vegetation and 
in the other to the opacity of water; and the 
relative stability of the physical environ¬ 
ment, due in the one case to the insulating 
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effect of a mass of vegetation and in the other 
to the density and thermal conservatism of 
water. The physical properties of water 
underlie the insulation and stratification in 
both cases—but it is w T ater in very different 
conditions. The two environments are curi¬ 
ously different from the human point of 
view: we navigate on the surface of the sea, 
and send down instruments to study condi¬ 
tions at different depths. In the forest, 
despite our ancestry, we are a bottom ani¬ 
mal, and we have no practical way to work 
at the surface (though this may be possible 
in the modern world with a helicopter!). 
Even climbing into the intermediate zones 
is an awkward and sometimes frightening 
process. For the human observer climbing 
is certainly more practicable than diving, but 
for the collection of faunal samples it is 
probably easier to send apparatus down, as 
in the sea, than to send it up, as is necessary 
in the forest. 

The physical environment in the floor zone 
of the tropical forest is extraordinarily con¬ 
stant. We have a meteorological station at 
our laboratory in Eastern Colombia, in open 
country near the town; there the daily shade 
temperature usually varies between 20° and 
30° to 34° C., giving a daily range of be¬ 
tween 10° and 14°. One meter above the 
forest floor in our chief study area, a few 
kilometers away, the thermograph record 
looks as though it had been made in a con¬ 
stant-temperature apparatus. The daily 
range is usually 1° to 2° C. from a mean of 
22°, and the maximum temperature fluctu¬ 
ation from one time of year to another is less 
than 4° C. The humidity is similarly con¬ 
stant in the lower levels of the forest, rarely 
dropping below 80 per cent relative humidity, 
even at midday in dry weather. Air cur¬ 
rents within the forest floor zone are very 
slight. One notices this in the course of 
photography, for it is usually necessary to 
give 5- to 10-seeond exposures, yet there is 
rarely trouble because of foliage movements. 
Constancy of the physical environment is 
always adduced as one of the prime charac¬ 
teristics of marine habitats, and in that 
respect the forest and the sea are remarkably 
similar. 

The daily fluctuations in these physical 


factors are least at the forest floor and be¬ 
come greater as one ascends into the canopy 
above until the extreme of fluctuation is 
reached in the open air at the top. Hence 
the vertical gradients in temperature, humid¬ 
ity, and light are measurable at any time in 
forest climate. At midday, the temperature 
is lowest at the forest floor, the humidity 
highest, and the changes as one ascends into 
the canopy are quite regular. The gradient 
in light is more irregular, depending directly 
on the local distribution of foliage, but it is 
probably preponderant in determining the 
zonal distribution of diurnal animals. At 
night the temperature gradient is reversed, 
the forest floor zone being warmest. Humidi¬ 
ties at night are near saturation at all levels 
in the forest, and consequently this gradient 
is purely a diurnal phenomenon. 

The gradients in light, temperature, and 
air movement find neat counterparts in the 
sea, though the scale is of course different. 
The great reduction of wind effect in the 
lower forest might be compared to the verti¬ 
cal limits of wave action in the sea; both 
permit the development of fragile organic 
forms that would not be able to survive in 
more exposed locations. But local currents 
and water drift, so important in the life of 
the sea, have no forest counterparts. 

Stratification of life in the sea is possible 
because of the constant density of water, 
which allows the ready development of 
planktonic and free-swimming habits with 
consequent orientation in the vertical plane. 
Flight with terrestrial animals is only par¬ 
tially comparable to swimming, for it re¬ 
quires such a large expenditure of energy 
that it can rarely be sustained for the pur¬ 
pose of continuous environmental orienta¬ 
tion. The only exceptions appear to be the 
forest butterflies (Morpho heliconius) which, 
freed from the necessity of combating air 
currents, have developed a slow, soaring 
flight that seems often to serve for fairly 
sustained orientation. In general, stratifi¬ 
cation of life in the forest is dependent not 
so much on the development of flight as on 
that of climbing ability or other adaptations 
to orientation with relation to the forest 
skeleton. Trees, forming a network of 
trunks, branches, twigs, and leaves, play the 
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role in the forest that corresponds to the 
density of water in the marine environment. 
And the swimming adaptations of marine 
organisms perhaps find their closest parallel 
in the forest in a series of modifications of 
structure and habit that are commonly and 
appropriately called “adaptations to arbo¬ 
real existence. ” 

The most obvious biological characteristic 
of a tropical forest is the diversity of kinds 
of its animals and plants; the forest is “rich 
in species.” This characteristic has been 
described by every naturalist who has writ¬ 
ten about the Tropics. The diversity consists 
not merely of numerous species, but of 
several types—families, orders, classes. The 
skeleton of the forest is composed of trees 
that belong to a bewildering array of plant 
families, from palms to composites, and this 
same taxonomic diversity is found in the 
parasites, epiphytes, vines, and under¬ 
growth that grow’ in it. This great mass of 
plant material, basic to the biological and 
physical structure of the forest, has no neat 
counterpart in the sea, and attempts at find¬ 
ing analogies are far-fetched. 

The diversity of species and types in ani¬ 
mals is equally striking. If we look through 
a list of the orders and families of American 
terrestrial animals, we find that the great 
majority have representatives in the tropi¬ 
cal forest, and that many families and orders 
are largely confined to that environment. 
This diversity is in a real sense comparable 
with the diversity of the fauna of the sea, 
since in both cases it is related to the favor¬ 
ableness of the environment for life processes 
and to the variety of environmental niches 
available within the general habitat. The 
marine and the forest faunas are not, of 
course, parallel, because of their very differ¬ 
ent histories: the invertebrate fauna of the 
sea is composed of a host of types (echino- 
derms, mollusea, coelenterates, and so forth) 
with few or no forest representatives; while 
the insects, dominant in the forest, have con¬ 
spicuously failed to invade the sea. 

An obvious list of some of the character¬ 
istics of the tropical forest environment that 
make it so favorable for life includes uni¬ 
formity of physical environment (climate); 
abundance of moisture (rainfall usually 


considerably in excess of 2,500 millimeters 
annually, fairly evenly distributed); high 
humidity and consequent low evaporation 
rate; abundance of light (in the upper 
canopy) and even distribution of light 
through the annual cycle; protection offered 
by the structure of the forest skeleton, and 
the stratification and support offered by it. 
Another important characteristic of the 
tropical forest is its vastness. One could 
enter the forest near our laboratory, in east¬ 
ern Colombia, and go for thousands of kilo¬ 
meters without leaving it except to cross 
rivers and streams. The central body of the 
upper Amazon forest spreads out in bays 
and estuaries towards the west and the north, 
connecting through gallery forests with the 
Orinoco system, and has great outlying dis¬ 
connected seas in the valleys of the Andes, 
and along the Caribbean coast of Central 
America and the Atlantic coast of Brazil. 
The sense of this vastness is brought home to 
one who flies for hour after hour over the 
unbroken wilderness. It was even more vivid 
to the old explorers who spent weeks and 
months painfully traversing its rivers. The 
metaphor “a sea of forest” has a very real 
meaning to the traveler through these 
jungles. 

The parallels between this list of favorable 
forest characteristics and those that are usu¬ 
ally adduced to explain the favorableness of 
the marine environments are striking. Uni¬ 
formity of the physical environment exists 
in both forests and the sea. In abundance 
of moisture and high humidity the forest is 
merely approximating the ideal conditions 
of the sea where problems of moisture reten¬ 
tion are not of concern to the animal world. 
The abundance and annual uniformity of 
light is of course a general tropical charac¬ 
teristic of seas, forests, and deserts. Where 
other conditions are particularly favorable, 
however, as in the forest and the sea, the 
light factor permits a vegetable accumulation 
that is large enough to support the corre¬ 
sponding diversity of animals. The protec* 
tion of the forest skeleton has no counterpart 
in the open sea, but it is in many ways 
analogous to the protection to animal life 
afforded by the great coral reefs. The strati¬ 
fication of organisms in the forest and the 
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sea Las many amusing parallels: each, species 
of insects and of epiphytic plants apparently 
has its preferred level, as do different plank¬ 
ton species in the sea. We have even been 
able to demonstrate a diurnal shift in the 
preferred level of certain mosquito species, 
much like the well-known diurnal shifts in 
level of planktonic organisms. The vastness 
of the forest is, of course, dwarfed by the 
vastness of the sea, but the South American 
forest might well be compared with specific 
tropical seas, such as the Caribbean. 

There seems to be a concentration of life at 
the margin of the forest that is comparable 
with the rich fauna of the littoral zones of 
the sea. This concentration is perhaps more 
apparent than real because the life in the 
canopy, normally so inaccessible, reaches the 
ground at the forest margin and can thus be 
collected and studied. It is likely, though, 
that the dense shrubby growth of the forest 
margin provides a special habitat that is 
particularly favorable to many species of 
plants and animals, and a certain number of 
animals undoubtedly lead a sort of amphibi¬ 
ous existence at this forest margin, retreat¬ 
ing into it for protection by day and sallying 
forth into the grassland and scrub at night. 

It is interesting that much of our thinking 
about evolutionary problems has been con¬ 
ditioned by the observations of travelers in 
the Tropics, as is illustrated by the influence 
of the tropical experiences of Darwin, Wal¬ 
lace, and H. W. Bates. The concept of 
“struggle for existence/ 7 for instance, was 
originally tied up with the jungle law of 
tooth and claw. The phenomenon of mimicry 
was described by Bates and Muller on the 
basis of observations in the tropical forest, 
and no one who has worked in such areas 
doubts the reality of the phenomenon, how¬ 
ever much observers may differ in interpre¬ 
tation; and mimicry is regarded as one of 
the great bulwarks of the theory of natural 
selection. The whole appearance of the for¬ 
est seems to indicate a keen struggle for 
light, for food, for protection from enemies. 
The multiplicity of species, of adaptations, 
and of environmental niches, all unite to pro¬ 
duce this impression. In the temperate zone 
one may feel at times that the main struggle 


of living organisms is with the physical en¬ 
vironment—with extremes of temperature, 
with storms, and with sudden or adverse 
shifts in climate. But in the stable and 
benign climate of the tropical forest, the 
struggle seems to be more clearly among the 
various organisms themselves. We might 
well get the same impressions from the obser¬ 
vation of life in the tropical seas except that 
our view of the sea is that of a foreigner 
floating about on its surface or awkwardly 
struggling down into it with diving appa¬ 
ratus. We can more easily become a part 
of the life of the forest, and many varieties 
of man are still completely forest animals 
even though their range of activities is pretty 
well confined to its floor zone. 

There is another aspect to this struggle 
for existence in the tropical forest that has 
not been so much emphasized. The human 
dwellers there are all of “primitive” types 
that, in any measurable form of progress, 
have been outstripped by their fellow men 
of the plains. Similarly, among the host of 
animal species that seem to be getting along 
well in the struggle for existence in the for¬ 
est we find Peripatus, archaic insects, mar¬ 
supials, edentates—if you want to find “liv¬ 
ing fossils 77 among terrestrial animals, a 
good place to look for them is in the tropical 
forest. Here also there seems to be an anal¬ 
ogy with the sea, where we find a profusion 
of very ancient types of animals living in 
communities that include examples of ex¬ 
treme specializations, and in which the strug¬ 
gle for existence seems to be very keen. 

Of course, the populations of the South 
American forests are undoubtedly in part 
refugee populations on this peripheral conti¬ 
nent, and perhaps the forest adaptations are 
a result of the fact that in South America 
there are few places for them to live except 
in the forest. My botanical friends tell me 
that the South American forest is probably 
geologically an ancient habitat that may have 
persisted without much change either in 
geography or climate for a long period of 
time. To be sure, no forest can be ancient 
in the sense that the sea is ancient; but in 
comparison with other terrestrial habitats 
(grasslands, alpine zones, temperate for- 
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ests), the South American forest may repre¬ 
sent an unusually stable continuum. In this 
sense it is analogous with the tropical seas. 

There certainly seems to be evidence that 
the tropical American forest has been stable 
for a sufficiently long time to permit the 
development of wide divergences in endemic 
groups, indicating to that extent that evolu¬ 
tion must be an active process in this en¬ 
vironment. The American monkeys perhaps 
form the readiest example of what I mean. 
They consist of two rather distinct groups, 
the marmosets and the cebids, but both are 
structurally different from all of the living 
Old World monkeys and from any known 
Old World fossils. The diverse types that 
are found in the forests of the American 
Tropics apparently evolved there from some 
primitive tarsioid or lemuroid ancestor. The 
cebid monkeys have achieved a remarkable 
range of specializations to life in the forest 
environment, involving structural changes 
that are distinctive enough to lead some mam- 
malogists to put each type in a separate 
family (howlers as “ Alouattidae,’ ’ spider 
monkeys a® * 4 Atelidae, 97 and so forth). The 
structural and physiological differences 
among these cebid monkeys are often clearly 
forest adaptations: the prehensile tail of 
many genera, the balancing tail of Saimiri, 
the thumb reduction of Ateles, the nocturnal 
adaptations of Aotus , and so forth. They 
all show a considerable development of that 
imponderable quality called “intelligence,” 
though the intelligence of the New World 
monkeys must have developed quite indepen¬ 
dently of the intelligence of the Old World 
primates, perhaps from the common level of 
the rather backward lemurs and marmosets. 
The divergences in behavior among these 
monkeys are undoubtedly as striking as their 


divergences in structure, but except for Car¬ 
penter’s classic study of the howlers, the 
American monkeys have been pretty much 
neglected by students of primate behavior. 
The measure of our ignorance is brought out 
in Hooton’s recent survey of what we know 
about our poor relations. All in all, the 
American monkeys represent an amazing 
diversity of development, of “progress” in 
various directions, on the part of a phylo- 
genetieally homogeneous group within an 
apparently stable environment. 

The radical adaptations of the Cebidae 
could be duplicated endlessly in the fauna 
and flora of the tropical forest; that the phe¬ 
nomenon is not confined to animals is shown 
by the range of habits, form, and physio¬ 
logical adaptation shown by the bromeliads. 
When I reflect on the exuberance of forms 
and the persistence of archaic, and sometimes 
apparently ill-adapted, types in the tropical 
forest, I am inclined to doubt the reality of 
anything comparable to a “struggle for exis¬ 
tence 5 ’ in the forests: it sometimes seems as 
though almost anything could survive, and 
as though almost everything has survived. 
But the diversity of the monkeys, and of 
many similar endemic groups, surely indi¬ 
cates a pervading evolutionary process 
within the forest environment; surely indi¬ 
cates a rich field for the exploration of bio¬ 
logical processes. We have splendid marine 
stations for the study of the biology of the 
sea; similarly exact and painstaking studies 
of the forest might well give us a broadened 
comprehension of the nature of the forces 
governing adaptation and divergence, per¬ 
haps in terms that could be more readily 
interpreted through human experience, since 
so many of our primate characteristics seem 
to be products of our forest ancestry. 
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LIBERAL EDUCATION AND THE STUDY OF 

GOVERNMENT 

By LANE W. LANCASTER 


Political science as an independent dis¬ 
cipline was not disentangled from history 
or “moral philosophy” much if any before 
the close of the Civil War. Since those early 
days when the study of the state and govern¬ 
ment was considered one of the “moral” dis¬ 
ciplines, political science has moved in vari¬ 
ous directions, but the movement in general 
has certainly been away from the ancient tra¬ 
dition. Whether the direction of change has 
been desirable from the point of view of lib¬ 
eral education is the point of this inquiry. 

The air today is full of disputation about 
the nature and content of liberal education, 
and it requires some hardihood to add to the 
clamor, the more so because we seem unlikely 
to unite on a definition of its meaning. 
There may perhaps be some agreement with 
the proposition that the object of a liberal 
education remains what it always was, 
namely, the production of a kind of person . 
That is, the primary supposition is that the 
persons to be educated are ends and not 
means . A free man is his own man; hence 
a liberally educated man is one who has cul¬ 
tivated himself and his intellect as values 
entirely independent of his vocation. A 
trained man may or may not be free in this 
sense, but if he is free it is not by virtue of 
his training but in spite of it. For it is the 
object of training to make him good for 
something, not simply good. The object is 
to develop a skill, not a quality, though' the 
skill may in some sense be an element in 
quality. It was the quality of men that 
Mill had in mind when he reminded us that 
“it really is of importance, not only what 
men do, but also what manner of men they 
are that do it. Among the works of man, 
which human life is rightly employed in 
perfecting and beautifying, the first in im¬ 
portance surely is man himself.” 

A liberally educated man is one, I take 
it, whose mind has been so formed by his 
studies that he has learned to know the dif¬ 
ference between a sound and an unsound 


proposition and to have a preference as 
among values which he can defend by ra¬ 
tional argument. Perhaps what this comes 
to is the ability to read and to write and to 
think, and it may seem a somewhat trivial 
objective to those who assume that college 
graduates generally already have some fa¬ 
cility with respect to these matters. That 
this is a rash assumption is well known to 
all who teach college students. Rare indeed 
is the student who uses language as if he 
were aware of the vagueness and ambigui¬ 
ties of words; few are those who have been 
taught the logic of language so that they 
comprehend the subtle and organic relation¬ 
ships between thought and expression. Tet 
people who have not learned these skills 
simply do not know what they are talking 
about. The result of such shortcomings in 
education is even more serious than inability 
to know the grounds of one's beliefs. Since 
one’s fellow-students are for the most part 
in the same state there is literally no possi¬ 
bility of intelligible communication amongst 
such persons. And it follows that such stu¬ 
dents bring to the study of subject-matter 
no effective tools of understanding. If sub¬ 
jects in the curriculum make no contribu¬ 
tion to this sort of understanding—to care¬ 
ful reading and precise writing—whatever 
else they may be, they can hardly be called 
liberal subjects. 

Now it must be clear to anyone who studies 
the American college that the emphasis to¬ 
day is away from the liberal subjects and in 
quite different directions. Indeed so differ¬ 
ent are the current emphases that there are 
few who can even understand the notion that 
man is an end and not a means. Nearly 
every subject is now judged with no refer¬ 
ence whatever to the contribution it may 
make to the forming of cultivated men and 
women, for the simple reason that most 
people apparently find it impossible to 
think of the quality of individuals apart 
from their “usefulness” in “society.” 
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Two tests are commonly applied by those 
who tinker today so hopefully with the cur¬ 
riculum. The first of these is implicit in 
the blunt question, usually asked quite un¬ 
ashamedly, What can the student do with 
it? It is the application of this test, of 
course, which has depopulated classes in 
such “impractical’’ subjects as the classics, 
philosophy, and all but the most obviously 
utilitarian modern languages—* ‘ impracti¬ 
cal^ being, of course, a word used with a 
calculated disdain, intended to put educa¬ 
tional “reactionaries’’ in their place. So 
respectable a subject as history is the latest 
victim of this demand that education be 
“practical.” The current widespread de¬ 
mand for the compulsory teaching of Amer¬ 
ican history has no discernible affinity with 
any idea of cultivating man’s intellectual 
faculties; it is put forward as a device for 
making “good citizens,” that is, as a way 
of forming a generation of Podsnaps, ready 
to follow blindly whatever leaders the 
whirligig of domestic politics may bring to 
the top. 

The modern curriculum has suffered, in 
the second place, from a passion for what 
may be called “coverage.” For some reason 
by no means clear it is believed that every¬ 
thing should be taught in the classroom, and 
that it is the principal business of instruc¬ 
tion to supply information rather than to 
stimulate reflection and put students in the 
way of acquiring some humility. This itch 
is most evident in the field of the so-called 
social sciences where no nook or cranny is 
to be left unexplored in a vain attempt, to 
use the current cant, to “understand the 
world in which we live” or to “adjust our¬ 
selves” to other people. Examples are 
found in “survey courses” now so popular 
in “world history,” “problems of democ¬ 
racy,” “contemporary civilization,” and so 
on. Even if such an enterprise were intel¬ 
lectually respectable as contrasted with more 
modest efforts to understand a few things 
by the student’s own efforts, it is in any 
case Sisyphean, as is indeed admitted when 
its promoters clamor for new editions to 
keep them “up to date.” Students must 
have information, but it will be of no avail 
if they do not know what to do with it when 
they get it. Even if it were the proper 


function of a college teacher to ladle out 
information, the teacher will not always be 
there. If the student learns how to read and 
does read, the information will be at hand 
when he needs it. And if he has been lib¬ 
erally educated he will bring to it intellec¬ 
tual habits which should enable him to ex¬ 
tract meaning from it. 

We are now ready to examine the present 
typical offerings in political science with 
these quite different tests in mind—the cul¬ 
tivation of the man as an end, the test of 
utility, and the test of “coverage.” Let us 
begin with the last. In respect to this, the 
departments, at least where funds permit, 
have responded nobly. The world has been 
divided by the curriculum-makers both geo¬ 
graphically and, of late, ideologically, so 
that we have not only courses in American 
government, British government, European, 
Oriental, and Latin American governments, 
but even the government of colonial depen¬ 
dencies. The phenomena of rule must be ex¬ 
plored in every national setting from Ice¬ 
land to Burma, from Kamchatka to Pata¬ 
gonia. The coming to power of such figures 
as Hitler and Mussolini created new oppor¬ 
tunities for being “up to date,” and college 
bulletins blossomed out with attractively- 
packaged courses entitled “Democracy and 
Dictatorship,” and so forth—the content of 
both mouth-filling words being assumed clear 
and the dichotomy sharp. 

But proliferation is not confined to gov¬ 
ernment in general. Government in Amer¬ 
ica is divided into numerous segments so 
that “coverage” may be complete. Thus 
we offer our students American national 
government, state government, municipal 
government, county and township govern¬ 
ment, and in some cases public administra¬ 
tion on all three levels of government. In 
addition, there are courses in political par¬ 
ties, public personnel administration, public 
opinion, government regulation of business, 
constitutional and administrative law, juris¬ 
prudence, the administration of justice, and 
numerous offerings in international law and 
relations, comparative government, and po¬ 
litical theory. Much of this atomization is 
due, no doubt, to the necessity of recognizing 
the vested interests of individuals. A part 
of it is traceable to what appears to be the 
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tendency of all institutions to expand their 
jurisdiction and keep their personnel occu¬ 
pied, each with his own specialty or crotchet. 
Otherwise it cannot be justified on any 
ground except that of furnishing informa¬ 
tion, “covering* 5 the subject. That many 
of these subjects are primarily utilitarian 
seems to me to be beyond question. 

The argument in favor of the utility of 
political science takes two forms. Those who 
teach it are able to say with justice that a 
knowledge of it is at least partial prepara¬ 
tion for the public service. The claim has 
some cogency when made in behalf of such 
courses as public administration and its spe¬ 
cialized subdivisions, though administration 
would seem to me to be an art rather than 
a science, and therefore better learned “on 
the job 55 than in the college classroom. 
These courses and those in special fields of 
public law seem to be definitely professional 
and to form, strictly speaking, no part of 
a liberal education. To me they seem defi¬ 
nitely to belong to the upper division of the 
curriculum or to the professional institute 
where they might be pursued by persons 
who bring to their study some ability to deal 
with concepts and relationships. 

The other argument for the “usefulness 55 
of courses in political science is similar to 
that now being advanced for the study of 
American history. The subject is to be 
studied as a way of making good citizens. 
Somehow the student who knows such things 
as how treaties are negotiated and ratified, 
the content of the Monroe Doctrine, the city 
charter provisions for letting contracts, the 
organization of the state department of 
agriculture, the mechanism of the social 
security system, the party complexion of the 
House of Bepresentatives, and so on, is ex¬ 
pected to play a wiser and a better part 
in public affairs than one who has not been 
told about these esoteric matters from the 
rostrum. It is admitted that some of this 
information may be important, but possess¬ 
ing it has little or nothing to do with civic 
virtue. The thoughtful student who has 
pondered with Plato or Aquinas or Locke or 
Mill the perennial stuff of politics might 
just conceivably bring to public issues a 
wisdom denied to his fellows who has beeti 


stuffed with the contents of the latest text¬ 
book. Nor would the acquisition of informa¬ 
tion of this sort be beyond the ingenuity of 
any such student to whom it is necessary. 

If the point of view here expressed is in 
any degree a reasonable one, then that por¬ 
tion of political science which might serve 
the needs of a liberally educated man is not 
far to seek. It will be found, I think, in 
those courses where the much despised prin¬ 
ciples and “theories 55 are discussed, where 
words are approached with caution and used 
with care, where the staple of talk is such 
terms as “justice, 55 “equality, 55 “law, 55 
“rights, 55 “power, 55 “State, 55 “govern¬ 
ment, 55 and the rest. No thoughtful student 
can grapple with such terms in the company 
of a serious and honest teacher without 
benefit to himself and in the end to the 
commonwealth. He will come from his 
studies less sure, and much less glib, but 
surely more humble and with the possibility 
of attaining in the fullness of time at least 
some of that unhurried wisdom without 
which no society can keep its health. Such 
a one can scarcely hope to be a governor 
or a senator or even perhaps a mayor, but 
he may come to see that Socrates was right 
when he said that there is a life higher than 
that of politics. It is only by producing 
more men and women who have grasped this 
truth that the state improves its health. No 
one has ever been made better by learning 
about government. In fact, our best in¬ 
formed people—who know far more about 
it than the professors—are the political 
bosses, who are certainly not models of civic 
rectitude. 

All this is not to say that there is no place 
for information or “coverage 55 in a college 
course. Men obviously cannot think without 
facts and it will always be a part of our 
business as teachers to see that facts are 
available. Habits of extensive as well as 
intensive reading should be cultivated. But 
such habits may be formed without making 
every aspect of politics the subject of a 
course devoted to lecturing solemnly about 
matters well described in books available in 
the college library and easily mastered by 
students who have learned to read with dis¬ 
cernment. 
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HYBRID VEGETABLE SEED 

Hybrid corn has been one of the great 
achievements of onr time. Yields of corn 
have been greatly increased by developing 
widely divergent inbred lines and then re¬ 
combining them in seed stocks. The mecha¬ 
nism by which vigor in hybrids is increased 
has not been thoroughly determined but the 
fact remains. A common example is the 
mule, derived' from mating a jackass and a 
mare. In plants, greater yields result. No 
one has yet computed that hybrid corn has 
won the war, but there are so many delicate 
balances which determine the course and na¬ 
ture of so great an upheaval as a world war 
that it would not be surprising if someone 
did so—what with manpower shortages, food 
requirements, farm machinery needs, and the 
like. 

Because of the excellent results with 
hybrid corn, it is natural that thinking 
should attempt to transfer hybrid vigor to 
other crops. Corn has the advantage in that 
the pistillate (female) flower parts, which 
develop into corn kernels, are located not 
only in separate flowers but also in parts of 
the plant separate from the staminate (male) 
parts. The latter are borne in the tassel at 
the top of the corn stalk. And so, two strains 
of corn which it is desired to cross may be 
grown adjacent and the undesired source of 
pollen may be removed simply by going 
through the field and cutting off the un¬ 
desired tassels (de-tasseling). Corn pollen is 
wind borne, the cross is effected naturally, 
the ears of corn are taken from the de-tas- 
seled stalks, and hybrid seed corn is the 
result. 

With many economic plants, the problem 
is more difficult because the flowers are per¬ 
fect, that is, both the staminate and pistillate 
parts are contained in the same flower. In 
order to produce hybrid seed in them, it is 
necessary to remove the stamens from the 
plants which are to be used as the female 
parent, and to hand-pollinate the emascu¬ 
lated flowers with pollen from the desired 
male plant. The labor and cost of hand 
emasculation and pollination are limiting 
factors. Eight to nine hours of labor have 


been required for emasculation and pollina¬ 
tion of sufficient tomato flowers to produce 
an ounce of hybrid seed. 

Geneticists, to meet the problem, have sug¬ 
gested a way of eliminating the tedious step 
of emasculation. They have thought in terms 
of developing plants which are by nature 
male-sterile, and using these as the female 
parent. In 1937 H. A. Jones and S. L. 
Emsweller of the U. S. Department of Agri¬ 
culture reported a male-sterile onion, and in 
1943 TL A. Jones and A. E. Clarke explained 
the inheritance of male sterility in the onion 
with particular reference to the production 
of hybrid seed, for which, incidentally, they 
received the Leonard H. Vaughan Memorial 
Award in Horticulture. By this process a 
strain of male-sterile onion can be developed 
which can be crossed, without emasculation, 
with pollen from an inbred male-fertile strain 
to produce hybrid onion seed. 

Practical application of these predictions 
was made in 1944 by A. M. Binkley of Colo¬ 
rado State College in conjunction with TL A. 
Jones, and several lines of hybrid onions 
were grown from hybrid seed. Yields from 
some of the hybrids were less than from the 
non-hybrids, and most yields were in the 
same class with the non-hybrids. Yet one 
of the lots was significantly higher. When 
more inbred lines become available for cross¬ 
ing, combinations should be found which will 
greatly improve yields and yet have the other 
characters desired in a commercial onion. 

The tomato seems the next vegetable likely 
to receive attention. In 1942 both K. C. 
Barrons and H. E. Lucas, of Michigan State 
College, and B. E. Larson, then at the Uni¬ 
versity of Minnesota, suggested that male- 
sterile tomato plants might be utilized even¬ 
tually as female parents in the production 
of commercial hybrid tomato seed. In 1944 
T. M. Currence, of the University of Min¬ 
nesota, reported on a semi-sterile type of 
tomato, the flowers of which had long styles 
which extended beyond the anthers previous 
to maturity and so reduced self-pollination. 
The character is simply inherited and may 
be transferred to any desired variety by 
back-crossing or by other types of breeding. 
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Following the same procedure as with the 
male-sterile onion, this strain may then be 
used as a female parent and hybrid tomato 
seed may be produced without the necessity 
for emasculation. 

Some idea of what the general use of 
hybrid tomato seed might accomplish in 
terms of tomato production is shown by 
records from six states compiled by T. M. 
Currence, of Minnesota. Increased yields 
ranged from 19 to 52 per cent, with an 
average of 32 per cent. In other words, if 
a victory gardener can grow 3 bushels of 
tomatoes from 25 ordinary plants, he can 
produce an additional bushel from 25 hybrid 
seed plants. With 20,000,000 victory gar¬ 
dens in prospect, the possibilities are not 
minor—to say nothing of large commercial 
acreages. With increased production of 
foodstuffs now so important, the transfer of 
hybrid vigor to many economic crops will 
undoubtedly receive much attention.—H. B. 
Tukey, New York State Agricultural Ex¬ 
periment Station, Geneva, N. Y. 

AN EARLY TEXAN 

In July 1943 Dr. Cyrus N. Ray of Abilene, 
Texas, notified the Smithsonian Institution 
of the finding of a human skeleton in a bank 
of the Clear Fork of the Brazos River. The 
remains, uncovered by fioodwaters, were 21 
feet below the present valley floor. The 
burial gave promise of adding information 
on the nature of the people inhabiting that 
area at a relatively early period in New 
World history, and the writer was sent to 
investigate the discovery. In the interim Dr. 
Ray and his associates had removed the 
bones because the caving condition of the 
bank and the possibility of a new rise in the 
stream made their situation precarious. 
When the writer reached the site it was ob¬ 
vious that no changes had occurred after 
the disinterment and that the skeleton un¬ 
questionably had come from that location. 
Portions of the grave could be traced, several 
metatarsals were still in place at the back 
of the pit, and the lower half of a fibula 
which fit a piece obtained during the original 
digging was embedded in its floor. The fill 
at the back of the pit had not been worked 
out completely, and it was evident that an 


undisturbed series of strata, layers that could 
be followed without a break for a consider¬ 
able distance up and down stream, had risen 
above it to the present surface. This demon¬ 
strated that the burial was not a recent pene¬ 
tration and that there had been a long period 
of alluviation in the valley, preceding the 
present channel-cutting era, after the body 
had been placed there. The circumstances 
of the find and the position of the body in 
the grave were reported subsequently by Dr. 
Ray and there is no need to repeat them 
here. (“A Texas Skeleton.” Science, 98; 
344. Oct. 15, 1943.) Such significance as 
attaches to the discovery is to be found in 
the nature of the deposits in which the skele¬ 
ton occurred and in the bones themselves. 

The earth in which the grave was dug and 
the overlying strata belong to a series of silts 
which have been designated Elm Creek 1 in 
one study and which are known locally as the 
Nugent. In general they indicate deposition 
by slack-water sheet floods spreading over the 
broad valley floors when conditions were 
much more humid than at present. A cli¬ 
mate suitable to such phenomena seems not 
to have prevailed in the region since the 
closing days of the Late Glacial, the Wis¬ 
consin substage, or the pluvial period which 
in more southerly districts corresponds to it. 
Because of this some have considered the silts 
as Late Pleistocene in age. Other authori¬ 
ties maintain, however, that possibly the hu¬ 
mid period here did not parallel the ice stage 
farther north hut lagged somewhat and that 
the deposits attributed to it actually had 
their beginnings in Early Recent rather than 
in terminal Pleistocene times. In any case 
the fact that the burial was in the lower part 
of the silts places it fairly early in their for¬ 
mation and indicates that the individual was, 
at least, an Early Recent inhabitant of the 
area. 

Unfortunately the skeleton was not in as 
good condition as might he desired and a 
number of bones, as well as portions of the 
skull, were missing. Enough survived, how¬ 
ever, to give good indication of its general 

1 M. M. Leighton. Geological aspects of the find¬ 
ing of primitive man near Abilene, Texas (Prelimi¬ 
nary report). Medallion Papers, No. XXIV, Gila 
Pueblo, Globe, Arizona. 
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characteristics. The bones were first sent 
to Dr. Harry L. Shapiro, Chairman of the 
Department of Anthropology of the Ameri¬ 
can Museum of Natural History, New York, 
and then were submitted to Dr. T. D. Stew¬ 
art, Curator of the Division of Physical An¬ 
thropology, U. S. National Museum, who 
spent several months in an effort to recon¬ 
struct the skull and doing as much repair 
as possible on other portions of the skeleton. 
Both prepared statements on their observa¬ 
tions, the gist being that the individual was 
a male, about 40 years of age at the time of 
death, and that while certain characteristics 
suggest a modern Indian others are similar 
to those present in the more primitive forms 
of neoanthropic man found in America. Both 
agreed that the skeleton could be that of an 
early Indian, hence there would be nothing 
anachronistic in its being found in deposits 
of Late Pleistocene or Early Recent age. 

In commenting on other crania from deep 
burials in the Abilene region, although none 
came from as old an horizon as the present 
example, Dr. E. A. Hooton of Harvard Uni¬ 
versity several years ago expressed the 
opinion that they exemplified a very primi¬ 
tive type of American Indian and probably 
represented one of the earlier strata in the 
American population. He also stressed the 
fact that, while they were a morphologically 
modern type, it was not impossible for them 
to date back to the end of the Pleistocene as 
physically modern types of men were in ex¬ 
istence in the Old World before the end of 
the Glacial Period. Late Pleistocene crania 
quite similar to those from Texas have since, 
been reported from China, and as it is gen¬ 
erally believed that the New World was popu¬ 
lated by migrations from northeastern Asia, 
it is significant to know that modern types 
of man had a respectable antiquity in that 
region. However, Hooton, Shapiro and 
Stewart agree that it is impossible to prove 
antiquity from the nature of the bones alone 
and that the age of such remains must be 
determined by that of the stratum in which 
they are found. In the present case the de¬ 
posits containing the skeleton seem to be 
Late Pleistocene or Early Recent geologi¬ 
cally, and this suggests that the burial may 
have been made 8,000 to 10,000 years ago. 


As there were no funerary offerings in the 
grave there is no way to correlate the remains 
with any of the known cultural horizons— 
such as Folsom, Sandia, Abilene, or the 
Cochise—which date from about that period. 
Although a small piece of worked stone was 
found in the dirt taken from the pit, it is too 
fragmentary to be certain of the type of im¬ 
plement represented. The flaking technique 
is an early form, but it is not sufficiently dis¬ 
tinct to indicate cultural affinities. Subse¬ 
quent floods may eventually uncover a simi¬ 
lar burial accompanied by artifacts showing 
the cultural group to which the individual 
belonged. Until they do, however, it is not 
possible to say which of the various kinds of 
stone tools found in the region were made by 
individuals of the type represented by the 
present skeleton.— Frank H. H. Roberts, 
Jr., Bureau of American Ethnology, Smith¬ 
sonian Institution, Washington, D. C. 

WAR MINERALS—MICA 

Many adults who obtained their elemen¬ 
tary education in rural environments became 
familiar with mica as an isinglass used for 
windows in stoves and other heat-producing 
devices. Mica has unexcelled transparency 
and heat resistance for such use. It is chiefly 
important, however, in modern industry be¬ 
cause of its high dielectric strength. Other 
useful characteristic properties include flexi¬ 
bility, toughness, and low heat conductivity, 
as well as its inertness to high temperatures. 
Because of its peerless dielectric quality, 
mica was early recognized as most essential 
to the successful prosecution of this war of 
machines containing electrical units. When 
our chief sources of foreign supply were al¬ 
most cut off soon after we entered the war, 
it was moved to the top of the list of most 
critically needed materials. It still remains 
in that position. 

Mica is a group of closely related minerals. 
As used here, the term applies only to musco¬ 
vite, the transparent “white” mica. Musco¬ 
vite is a hydrous compound of aluminum, 
silica, and potash. The amber mica, phlogo- 
pite, also contains magnesium. It has cer¬ 
tain % war uses. Biotite, the dark-green to 
black mica, containing additional iron, is of 
slight industrial use. 
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Mica is used in almost every type of elec¬ 
trical apparatus, including familiar house¬ 
hold and industrial appliances. It is an 
indispensable material in countless genera¬ 
tors and motors. Condensers, magnetos, and 
radio tubes in instruments and machines for 
military use require mica of the highest 
quality. It is extensively used in telephones, • 
radios, and radar apparatus. Airplanes 
could not fly at war speeds and under com¬ 
bat conditions without high-grade mica in 
the magnetos and spark plugs. High-speed 
communications along the battle fronts and 
around the world could not function with¬ 
out it. Mobile mechanized warfare of the 
superior winning type without mica would 
be scarcely more than a dream of some 
master strategist. 

Mica of military grade must be free of 
structural imperfections which would cause 
it to split unevenly. The rived cleavage 
films, or “ splittings, 99 may be as thin as one- 
thousandth of an inch although some are 
nine times as thick. Mica must also be free 
of mineral inclusions which would reduce its 
electrical resistance. These rigorous specifi¬ 
cations are imposed by highly specialized 
uses under all types of war environments. 
Mica is the separator film between the plates 
of magneto and radio condensers. Certain 
elements of radio tubes for war use under 
a wide diversity of stresses must be com¬ 
posed of it. Cigarette films and nose wash¬ 
ers in airplane spark plugs require mica of 
the highest dielectric quality. Other uses of 
mica in war machines and apparatus do not 
require such stringent specifications. Phlo- 
gopite block mica is used extensively for the 
manufacture of spark plugs. Most of it is 
obtained from Madagascar, with small stocks 
coming from Mexico and Canada. 

A wartime research project of high scien¬ 
tific interest and economic importance was 
developed by the Bell Telephone Laboratories 
under the sponsorship of the National Re¬ 
search Council. It resulted in the produc¬ 
tion of mica testing equipment whereby im¬ 
perfections in the mica sheets can be readily 
and promptly detected. As one result, it has 
been found that lower grades of mica could 
be more extensively utilized. 

Mica has remained in the background of 


public knowledge of the minerals which are 
winning this war. It is less well known and 
less dramatized than petroleum and the 
metals. Attempts were made, as the shortage 
grew serious, to manufacture substitutes but 
so far none has replaced much of the musco¬ 
vite used in electrical apparatus and ma¬ 
chines for war use. Glass and ceramic ma¬ 
terials have been used in condensers, but 
paper is the chief substitute for mica. More 
ceramic insulation has recently been used in 
spark plugs. It has been predicted that sub¬ 
stitutes will not replace more than fifteen 
per cent of the essential mica. 

Mica is a common mineral in many rocks 
of the earth’s crust. It is abundant in most 
of the old crystalline rocks which underlie 
the Appalachian Piedmont province. Simi¬ 
lar old mica-bearing rocks are found also in 
the core of the Black Hills and in the in¬ 
teriors of most large ranges in the Rocky 
Mountains and in the Sierra Nevada. Sedi¬ 
ments originally derived from the decay and 
disintegration of these micaceous rocks have 
been consolidated in widespread layers of 
sandstone and shale which contain numerous 
flakes of shiny mica scattered among the 
gains of sand and silt. Sands along the 
channels of streams which head among or 
flow through mica-bearing rocks glisten with 
abundant flakes of mica. 

If mica is thus naturally so abundant, why 
should it be so scarce for war use that it 
ranks at the top of the list of strategic min¬ 
erals ? The answer is quality. Mica for use 
as a dielectric in most war machines and 
apparatus must be clear and free from flaws. 
It is essential also that the mica occur in 
masses—crystals or books—sufficiently large 
that sheets not less than one inch square 
can be split from them. Sheets several in¬ 
ches square are also in great demand. Books 
yielding the largest sheets of mica are the 
most valuable as well as being relatively 
rare. The need for the large sheets of mica 
in the large condensers has recently slack¬ 
ened somewhat as condenser sizes have been 
decreased and as some substitutes for mica 
have been developed for use in the larger 
sizes. Muscovite splits readily into thin 
sheets and laminae because upon crystalliza¬ 
tion from magmatic solutions it develops 
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perfect basal cleavage as a result of a sheet¬ 
like arrangement of the molecules within the 
crystal. 

Mica in large crystals and books is not 
found in common micaceous crystalline 
rocks. The best quality of muscovite in 
masses sufficiently large to obtain sheets one 
inch to several inches square occurs only in 
pegmatite—a very coarsely crystalline igne¬ 
ous rock which roughly resembles coarse¬ 
grained granite. Most pegmatites are com¬ 
posed of an assemblage of large crystals of 
quartz, muscovite, and feldspar. Some con¬ 
tain rare industrial minerals, such as beryl, 
topaz, spodumene (lithium-bearing), colum- 
bite, and tantalite. In general, pegmatites 
are long, relatively narrow, and pinch and 
swell erratically in all dimensions. They 
were formed as dikelike offshoots from cool¬ 
ing masses of molten rock (magma). 

Mica crystals of huge size have been found 
in some pegmatites. A single crystal weigh¬ 
ing more than two tons has been reported 
from North Carolina. A crystal reported 
from India was even larger. It measured 
ten feet across the base and fifteen feet in 
another dimension. 

Prior to this war, most of the mica of 
highest quality in world commerce was ob¬ 
tained from India, with subordinate amounts 
from South America. A large factor in those 
sources of supply is the relatively low cost 
of the hand labor required for all phases of 
mica mining and preparation for market. 
Indian laborers, for example, split three to 
four pounds of mica a day, at a rate equiva¬ 
lent to three cents a pound. In 1943-44, 
approximately three-fifths of our high-qual¬ 
ity muscovite was imported from India. 
About one-fifth came from Brazil. Small 
amounts were obtained from other South 
American countries, Africa, and Canada. 
Much of the mica obtained from India for 
war use is carried by air transport, mainly 
as ballast in returning cargo ships. As 
much as fifty plane loads have been delivered 
in a month. 

Domestic war production of mica is prin¬ 
cipally from North Carolina, in the crystal¬ 
line rocks of the state. Other Appalachian 
producing states include Virginia, Georgia, 
and Alabama. Most of the New England 


states are mica producers under the stimulus 
of war prices. The Black Hills of South 
Dakota are the third largest domestic pro¬ 
ducer. Some mica for war use is obtained 
from several western and southwestern 
states. The number of mines in actual pro¬ 
duction during the war is probably several 
hundred, with the number having more than 
doubled within the past two years. Do¬ 
mestic production has increased many fold 
during the war. Imports have likewise been 
increased to keep pace with the accelerated 
needs for highest quality mica in airplanes, 
radio apparatus, and other first-line war 
machines. The latest available information 
indicates that the crisis in regard to high- 
grade mica has been overcome and that 
supplies on hand and in sight will prob¬ 
ably meet foreseeable requirements.— Ar¬ 
thur Bevan, Virginia Geological Survey, 
Charlottesville. 

SILVER SAVED NEW BURMA ROAD 

A remarkable story of ingenuity and re¬ 
source has just been told by S. F. Benton, 
British scientist in India. This is how es¬ 
sential pure water was supplied to the 30,- 
000 native laborers rushed up to Assam in 
March 1942, against the threat of the Japa¬ 
nese advance, to work on the celebrated new 
Burma Road. 

Without pure water the situation, mili¬ 
tarily would have been very grave. Three of 
the world’s most deadly diseases, bacilliary 
dysentery, cholera and typhoid, are mainly 
transmitted by polluted water. 

The neighboring rivers are all badly pol¬ 
luted by the villages of the local Naga tribes, 
and dysentery broke out among the laborers 
as soon as they reached the construction site. 
Moreover, cholera was already prevalent 
among the Nagas, and the medical officer 
with the laborers warned that if sterile water 
supplies were not available before the open¬ 
ing of the cholera season with the early rains 
of mid-April, half the labor force might be 
lost, and the Manipur Road closed. 

Obviously pure drinking water daily for 
30,000 men could not be provided by boil¬ 
ing, and filtration on the scale required was 
impracticable and not sufficiently reliable. 
Moreover, since the laborers greatly dislike 
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the taste of chlorinated water, it was prob¬ 
able that even if chlorinated water were pro¬ 
vided, they would still have preferred to 
drink the polluted stream water. 

Hence, a fourth method, only just emerged 
from the research stage, was adopted. It 
involved treating the water electrolytically 
with silver. One part of silver in 100 mil¬ 
lion parts of water will effectively kill all 
bacteria. Exactly how it works is unknown, 
but it is believed the silver replaces some 
other metal in the water, essential for the 
breathing of the bacterial cell. 

All that is necessary for sterilizing water 
in this new way is a small direct current and 
two silver plates. A current flow of only 
10 milliamps is sufficient to treat 1,000 gal¬ 
lons of water an hour. At the start the only 
source of current Mr. Benton had was 4.5 
volt flashlight batteries, and the complete 
stock, 125, in the little village of Jorhat, was 
bought up. Pour batteries were connected 
up and placed on a piece of wood which was 
floated on top of the water in the tarpaulin 


tank. The batteries were wired to two small 
silver plates 4 inches square, projecting 
under the wood into the water. 

Twenty minutes of this electrolytic treat¬ 
ment sterilized the 3,000 gallons in the tar¬ 
paulin tank, and a set of four batteries was 
capable of sterilizing 36,000 gallons of water 
a day. By mid-April, there was a daily total 
output of 100,000 gallons of sterile water, go 
far from dysentery increasing, it actually 
decreased. 

When the stock of batteries had fallen to 
two, 50 car batteries arrived from Calcutta. 
The floating sets were converted to these by 
using a flex, kept taut to the floating wood 
with its silver plates by a bamboo used like 
a fishing rod. 

The final stage in this remarkable story 
is the devising of automatic sets to sterilize 
water. As the water was pumped into the 
tank, the stream from the pump completed 
the circuit, so that when the water stopped 
flowing, the circuit was automatically 
broken. —H. Shepherd. 
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SCIENCE IN SOVIET RUSSIA 

Science in Soviet Btissia. Papers presented at Con¬ 
gress of Ameriean-So'viet Friendship under aus¬ 
pices of National Council of American-Soviet 
Friendship. 97 pp. 1944. $1.50. Jaques Cattell 
Press, Lancaster, Pa. 

These short papers were presented at the 
Congress of American-Soviet Friendship 
held in New York City on November 7, 1943, 
and are now published under the auspices 
of the National Council of American-Soviet 
Friendship. While these little informal re¬ 
ports on various phases of Soviet science and 
technology are very uneven, they are strik¬ 
ingly uniform in their expressions of enthu¬ 
siasm for the recent accomplishments of 
Soviet scientists. 

Doctor Cannon emphasizes in his preface 
that while the Soviets have stressed the social 
value of scientific research, ‘ 4 there has been 
no sharp restriction of research to practical 
ends.” All the contributors to the sym¬ 
posium agree with Doctor Cannon that the 
Soviets appreciate that “ investigation into 
the basic sciences and into questions of 
theory are likely to have large, unfolding in¬ 
fluences revealing vast new vistas of under¬ 
standing and that this fresh understanding 
may have supreme human values.” 

The essays in the volume include Sir Hu¬ 
bert Wilkins on Soviet Exploration and 
Geography; V. K. Zworykin on Soviet De¬ 
velopments in Electronics; S. W. Muller on 
Geology and Belated Sciences; C. 0. Dunbar 
on Geology and Mineralogy; C. E. Kellogg 
on Soil Technology and Agriculture; L. C. 
Dunn on the Biological Sciences; S. Waks- 
man on Bacteriology; A. W. Curtis, Jr., on 
Belations of Soviet Science and Democracy; 
W. M. Stanley on Viruses; V. Lebedenko on 
Military Medicine; W. Penfield on The Be- 
eent Surgical Mission to the U.S.S.B.; Hugh 
Cabot on Bussian Medicine Organized for 
War; C.-E. A. Winslow on Public Health, 
and Alice Hamilton on Industrial Medicine. 

Doctor Stanley’s description of Soviet 
studies on viruses is particularly interesting, 
since it is carefully documented and de¬ 
scribes the brilliant work of D. Ivanovski in 
1892 and later in 1903 on the tobacco mosaic 
virus. 


It would seem that a more comprehensively 
prepared and well-documented survey of 
current science in Soviet Bussia would be 
well worthwhile. This little 97-page volume 
is an admirable appetizer for such an effort. 
Certainly the work of the National Council 
of American-Soviet Friendship and the 
American-Soviet Medical Society deserves 
support from American scientists. It would 
help us greatly to have a thorough under¬ 
standing of what Soviet scientists are accom¬ 
plishing. It would be wise for us to do every¬ 
thing we can to promote a greater degree of 
exchange of scientific ideas between our Rus¬ 
sian colleagues and ourselves.— Ciiauncey 
D. Leake. 

JOSEPH LISTER 

Joseph Lister , Father of Modern Surgery. Rlioda 

Truax. 287 pp. Ulus. 1944. $3.50. Bobbs- 

Merrill Company, Indianapolis. 

Lord Lister needs no introduction. Mil¬ 
lions know who he was and what he did— 
even as they know who Darwin, Huxley, 
Pasteur, G. B. Shaw are or were and what 
they did. But the story of his life is not 
perhaps so well known. It now will be, for 
Miss Truax has written a story which will be 
read for its readability, its dramatic interest, 
as well as for its sound facts concerning the 
life of the great man who is its hero. It 
seems to the reviewer that this present vol¬ 
ume is a rare instance of a book which, while 
being really spectacular and striking, is at 
the same time not cheap or trivial. The text 
is well written, combining description, ex¬ 
tracts from letters and speeches, narration, 
and plentifully interspersed with dialogue 
which makes it very much alive indeed. The 
chapter headings in the Table of Contents 
alone would tempt one at least to begin the 
book:—The Godless College, The Killer in 
Glagow, Presenting the Evidence, The Dis¬ 
credited Ligature, Progress, Storming the Cit¬ 
adel, The Long Honeymoon—do not these 
read like the chapter headings of a thrilling 
story ? They do I Nor is the story which they 
introduce less thrilling than the headings. Try 
it, you readers who like tales of advances in 
surgery against intrenched opinions, against 
prejudice; you readers who like the fascina¬ 
ting story of a strong, fearless, yet God-fear- 
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ing man, who knew lie was advancing the 
cause of suffering mortals; you readers who 
like a rattling good biography anyway, full 
of dialogue, full of fire, the scenes laid among 
the academic and “medicinal” circles of 
England and Scotland. The style is excel¬ 
lent, the vocabulary rich and full—no strain¬ 
ing after unusual effects, a clear tale well and 
interestingly told. There are nine half-tones 
of portraits and places. Would that there 
could have been more! A magnificent por¬ 
trait of Lister faces page 264. To meditate 
long and earnestly upon this splendid face is 
to feel one's whole nature being rectified, 
ennobled. 

“Honors and degrees piled up, until he 
was in possession of some eighty or more 
diplomas and certificates from nineteen dif¬ 
ferent countries.” He was made Baron 
Lister by Queen Victoria (upon whom he 
had operated); was shaken by the hand by 
King Edward VII, who said, “Lord Lister, I 
know well that if it had not been for you and 
your work, I would not be here today.” 
Many others could say the same. Even finer 
than all this was the tribute paid to him at 
a dinner in his honor given by the Royal 
Society. Our then ambassador to the Court 
of St. James, Mr. Bayard, said, “My Lord, 
it is not a profession , it is not a nation , it is 
HUMANITY ITSELF which with uncov¬ 
ered head salutes you!” 

Since human beings learn most easily by 
imitation, we therefore ought to read the 
biographies of good men and women; one of 
the best gifts of science to our race is the 
lives of the devoted scientists through whom 
scientific progress has come. Good old Long¬ 
fellow was eternally right when he said: 

Lives of great men all remind ns 
We can make our lives sublime, 

And, departing, leave behind ns 
Footprints on the sands of time. 

—Leon Augustus Hausman, 

SOCIAL DARWINISM IN AMERICA 

Social Darwinism in American Thought, 1860-1916. 

Richard Hofstadter. 191 pp. 1944. $2.50. Uni¬ 
versity of Pennsylvania Press. 

We have here a careful survey, marked by 
a fairmindedness and objectivity that reflect 
much credit upon the author. He cites 
nearly all the writers whom this reviewer has 


ever heard of—good, less good, and least 
good—who have touched, even peripherally, 
upon the “ism” in question. Of its kind, 
this small volume is of high quality. 

Some of us are not “ismic” enough to take 
much interest in doctrines and doctrinaires, 
in labels, in “schools of thought.” But that 
is another story, for some other time. There 
are plenty who like to know what a lot of 
writers have thought, whether or not the ink- 
spillers have demonstrated any right to an 
opinion; and that audience will be given, in 
a clear and acceptable manner, what they are 
looking for. 

The sections on “The Coming of Darwin¬ 
ism,” on “The Vogue of Spencer,” and on 
“William Graham Sumner: Social Darwin¬ 
ist,” are above the average in tone and judg¬ 
ment, though this reviewer would not con¬ 
sider Sumner an “ist” of any kind except a 
scientist. If he had any “ism” at all, to 
cover it the term “scientism” would have to 
be coined—only that that affix would cancel 
the stem-word. For “isms” belong to philos¬ 
ophy. Science deals, not with tenets but with 
hypotheses, not guesses or intuitions—with 
inductions from masses of data, with tenta¬ 
tive conclusions not held emotionally, always 
under verification, never promoted into ar¬ 
ticles of faith. 

The reviewer is on record as to Darwin, 
Spencer, and Sumner. It is a pity that Dar¬ 
win was ever forced into traveling what he 
calls “a path unknown to me and full of pit- 
falls,” in those chapters of The Descent of 
Man which attempt to deal with morals; for 
he had there no such mass of concrete evi¬ 
dence as he inveterately demanded elsewhere, 
but only “the advantage of previous discus¬ 
sions by able men.” (Letter to Morley, 
March 24, 1871, in F. Darwin, More Letters 
of Charles Darwin, I, 324.) Reckless re¬ 
course to the “argument from analogy” by 
indiscreet adherents had started an “ism” 
which worried him and led him to try to 
mend matters. It is this “ism” that most of 
the hallelujahs and wailings have been about. 

Then came Spencer, intent upon an all¬ 
covering philosophical formula and with the 
prime idea of working up to a system of 
ethics. Also with the misleading phrase, 
“survival of the fittest,” which Darwin 
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adopted in his docile and impressionable hu¬ 
mility. No one wants to belittle Spencer, 
who accomplished a colossal project tinder 
heavy handicaps; but it is only fair to say 
that Spencer had to be forced to gather raw 
materials, in his Principles of Sociology, be¬ 
cause there were few antecedent “discus¬ 
sions” over bodies of facts to which to apply 
what Huxley called his “diabolical dialec¬ 
tics.” One might add that it seems risky to 
attribute Spencer’s vogue, in this country or 
elsewhere (as in Japan), to anything else 
than his more than implied idea that evolu¬ 
tion means progress, instead of merely ad¬ 
justment—which looks progressive or retro¬ 
gressive according to the viewpoint occupied 
by the observer. 

These comments are evoked by the general 
excellence of Dr. Hofstadter’s first two 
sketches; otherwise there would be no reason 
to review him. And I think that Sumner is 
treated with unusual fairness, though to at¬ 
tribute to him what he called “filosofy” is to 
risk his resentment, if he is still aware of 
sublunary things. What has been written 
about Sumner has been usually emotionally 
enthusiastic in either its love or hate; but this 
author is discriminating. However, can a 
man be a Social Darwinist if he denies the 
presence of evolution in the superorganic 
realm? This is, of course, no place to expa¬ 
tiate on such matters; nor could the author 
expect to cover all such aspects in the four¬ 
teen pages allotted to Sumner—or in the six¬ 
teen accorded to Darwin or the nineteen to 
Spencer. 

This reviewer has estimated elsewhere a 
number of the other sociologists cited by the 
author. I used to know and like personally 
most of the now deceased gentlemen named 
in succeeding chapters. I do not recall that 
any of them was a fervent Darwinist or the 
reverse. Ward was all for education, in his 
kindly way, believing that environment 
largely made or unmade the man; also for 
the defense and enlargement of woman’s 
prestige. Some of Sumner’s contemporaries 
were horrified at his realism and accused him 
of a cold-hearted indifference to Uplift. 
Giddings used to trade smart slaps with the 
historians: when they alleged that sociology 
was a brazen steal from history, he replied 
that all that was of consequence in history 


was revealed by sociology. Small was always 
tinkering up methodological gadgets. 

There was once a session of the American 
Sociological Society devoted to Social Dar¬ 
winism; but nothing emerged from it, not 
even a diverting squabble, that was lively 
enough to stick in memory. It struck my 
youthful inexperience at the time that these 
elders in Israel were thinking of a variety of 
things, rather irrelevant to Darwinism, 
which they rather took for granted. None of 
them went in for any such vociferous and 
belligerent discipleship as did Jack London, 
or any such hostility as did William J. 
Bryan. I judged that nearly all of them 
would have registered as evolutionists, and 
would have interpreted what they disliked as 
perversions of evolution as they saw it. 

These personal impressions are for what 
they may be worth. Concerning later writ¬ 
ers, with whose works I am only indifferently 
familiar, I can say only this: that Dr. Hof- 
stadter’s treatment of those I know some¬ 
thing definite about predisposes me to trust 
his account of those whom I know only 
sketchily. That, to my mind, is a kind of 
accolade. It seems to me rather wonderful 
that he could have condensed so much into 
such limited space.—A. G. Keller. 

HERPETOLOGY OF THE CHICAGO 
AREA 

Amphibians and Sep tiles of the Chicago Area . Clif¬ 
ford H. Pope. 175 pp. Ulus. 1944. $1.75. Chi¬ 
cago Natural History Museum. 

Undoubtedly mindful of enhancing the 
service of the Chicago Natural History Mu¬ 
seum to the interested lay public, Mr. Pope 
has published recently this attractive volume 
on the Amphibians and Reptiles of the Chi¬ 
cago area. It is one of a number of similar 
handbooks issued in recent years, in response 
to a growing interest in these groups on the 
part of the public throughout the country. 

Paper bound with a striking figure of a 
tiger salamander on the front and rear cov¬ 
ers, this book presents its material in a way 
that should stimulate its readers to delve 
into its contents. The author’s aim is “to 
arouse interest in reptiles and amphibians 
by showing that each kind has its own habits, 
worthy of special and detailed attention.” 

The Chicago area includes fifteen counties 
in Illinois and Indiana, one in Michigan and 
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three in Wisconsin, off the southern tip of 
Lake Michigan, and at no point more than 
seventy miles distant from the Chicago Mu¬ 
seum. This is a transitional zone between 
the hardwood forest and prairie, occupied by 
21 species of amphibians and 31 species of 
reptiles, of which certain species found to 
the west are unknown farther east and vice 
versa. 

Each of the 52 species found in this area 
is discussed, with separate paragraphs de¬ 
voted to recognition characters, sex differ¬ 
ences and behavior, reproduction, habits, 
food, habitat, economic importance and oc¬ 
currence in the area. Many species are illus¬ 
trated, in photographs or line drawings, with 
respect to adults, nests, egg masses, or habitat 
scenes. The colored plates, reproduced from 
paintings by Leon L. Pray and Albert A. 
Enzenbacher, are an attractive addition to 
the keys and descriptions and aid in precise 
identification of various salamanders, frogs, 
snakes and turtles. Miss Peggy Codings’ 
drawings of salamanders, D. Dwight Davis’ 
photographs of snakes, and Mr. Pray’s black 
and white drawings of frogs and toads add to 
the profusion of illustrations. 

While this volume should admirably fulfill 
its objective in making available an accurate 
natural history account of the amphibians 
and reptiles of the Chicago area, to the herpe¬ 
tologist, for whom it was not meant, there are 
several features left to be desired—specific 
locality records, more distribution maps, ex¬ 
act citations to literature and a more ade¬ 
quate bibliography. However, as it stands, 
Pope’s volume has much to commend it, and 
it should find its place on the bookshelf of 
every serious-minded student of amphibians 
and reptiles.— John W. Price. 

A COUNTRY SURGEON 

Ventures in Science of a Country Surgeon. Arthur 

E. Hertzler, M.D. 304 pp. Illus. 1944. Pub¬ 
lished by author, Halstead, Kansas. 

This little book has been written by the 
author of The Horse and Buggy Doctor , 
(Harper, 1938) and The Doctor and His 
Patients , (Harper, 1940) and to some degree, 
it is supplementary to these well-known vol¬ 
umes. The subject-matter of this latest book 
comprises a continuation of the above already 
published record of the professional experi¬ 


ences of its author. It is somewhat anecdotal 
in character and is interspersed with numer¬ 
ous philosophical meanderings. It is packed 
with information, much of it valuable and ail 
of it interesting, and, though the chapter 
headings are severely technical, the subject 
matter thereunder has been presented in a 
form sufficiently popular to make it good 
reading, even for nontechnical readers to 
whom the adventures or the opinions of the 
author ordinarily would be of merely casual 
interest. Indeed, there are presented with 
marvelous tact and restraint a series of word 
pictures, humorous or pathetic, and there has 
been manifested an insight and a sensitive¬ 
ness to atmosphere and a sympathy so deep 
with frail human nature, that the good doc¬ 
tor cannot keep his emotions off the printed 
page. It becomes increasingly evident, as 
one reads, that a considerable part of a phy¬ 
sician’s time is taken up—or, more correctly, 
is wasted—over the troubles and predica¬ 
ments of a lot of people “who ought to know 
better.” 

It is regretted that space limitations forbid 
inclusion here of quotations from some of the 
more outstanding of the author’s stories and 
experiences. They are excellent examples of 
adroit Meriting. Difficult things are put forth 
with remarkable clarity and conciseness; de¬ 
scriptions of the usual are expressed in a 
manner unusual, and, as presented, there is 
nothing trite or hackneyed about the most 
ordinary and commonplace. The book as a 
whole is an excellent illustration of what 
William Lyon Phelps has somewhere said 
that it is “never the subject, but always the 
style that determines a writer’s final rank.” 

Pounder of the well-known Hertzler Me¬ 
morial Hospital, Halstead, Kansas, he has 
conducted special researches in diseases of 
the peritoneum since 1894 as well as special 
investigations as to local anaesthesia and dis¬ 
eases of the thyroid gland—yes, on the whole, 
a rather unusual “country” doctor! 

Perhaps the central theme of this little 
book may be epitomized in the quotation 
from its title page: “Medical science has 
brought to mankind the gift of longer and 
healthier lives. Therein lies a challenge to 
all mankind to do its share in making life 
happier, richer and nobler.”— J. S. Wade. 
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EDEN RE-DISCOVERED 
That Vanishing Eden: A Naturalist’s Florida. 
Thomas Barbour. 250 pp. Ulus. 1944. $3.00. 

Little, Brown & Company, Boston. An Atlantic 
Monthly Press Book. 

Naturalists should enjoy Dr. Barbour’s 
latest book because it describes in an inter¬ 
esting and accurate manner one of the few 
subtropical regions within the continental 
limits of the United States. The author has 
been an intermittent resident of Florida for 
the past 50 years, and his description of its 
flora, fauna, and other natural character¬ 
istics reflects his first-hand knowledge of 
these matters. The book is a very readable 
volume, even for those who despair at the 
naturalist’s viewpoint, and it should be read 
by everyone interested in this tropical won¬ 
derland. 

The author discusses Florida from the 
naturalist’s point of view, which, in this 
case, happens to be as it was a number of 
years ago before Americans owned Model T’s 
and could get about and carry out the proc¬ 
esses of civilization. Much of the descrip¬ 
tive matter centers about Florida of thirty or 
more years ago, when Dr. Barbour camped, 
fished, and hunted in what was then a wild, 
yet peaceful land. He discusses the plants 
and animals which form the ancestral back¬ 
ground of those we find today, and then re¬ 
views briefly the present flora and fauna, 
with predictions as to future trends unless 
some conservation is practiced. 

Dr. Barbour’s description of the beaches, 
deep woods, springs, and other natural fea¬ 
tures is fascinating, yet accurate. The old 
shell mounds created by the culinary prac¬ 
tices of many generations of Indians rate 
high in general interest, although they might 
seem to border on the historical rather than 
the natural side of the picture. The present- 
day Seminole Indians receive the author’s 
sympathy, and he feels the State’s magnani¬ 
mous gesture in issuing the Indians free 
license plates for their cars is not sufficient 
atonement for our unspeakable behavior 
towards them. 

The glowing account of the old days when 
hunting and fishing were so good as to be 
almost boring, may surprise and arouse the 
envy of present-day sportsmen. Traveling 
in an old Model T, the author’s party often 


toured the piney-woods in quest of bass and 
game. At one point, they ran their seine 
through a roadside ditch and “—in no time 
we’d have half a dozen two- or three-pound 
bass flopping about on the sand of the road¬ 
side.” There will be those who have tried 
this trick in late years and who considered 
themselves fortunate in bagging a few top 
minnows. 

The author gives some timely advice to 
residents of Florida to develop their state as 
befits a locality with so many natural bless¬ 
ings. It is to be hoped that something can 
be done to erase the resort attitude which 
spurns conservation because no one plans to 
stay for long. However, the reviewer is not 
in favor of giving the state back to the In¬ 
dians, nor to the giant sloth. And he per¬ 
sonal] y feels little concern for the many 
snakes and skunks killed along those mag¬ 
nificent highways. Naturalists to the con¬ 
trary, it would seem that we ought to favor 
a certain amount of evolution and civiliza¬ 
tion, at least enough to bring the human race 
up to the point where men can wear white 
collars and read books. 

The author feels that much of Florida has 
been “devastated,” but is it not possible to 
consider large acreages of golden oranges 
and green celery as a pleasant diversion from 
endless tracts of tangled forests ? The prac¬ 
tically minded may take exception to the all- 
out naturalist attitude of the author, but will 
end by frankly admitting that Dr. Barbour 
has written a good book.—M. C. Swingle. 

THE ROYAL SOCIETY, 1660-1940 

The FoyaX Society , 1660-1940 . Sir Henry Lyons. 

354 pp. 1944. Cambridge, at the University 

Press,* New York, The Macmillan Company. 

Sir Henry Lyons, for many years trea¬ 
surer of the Royal Society, was in virtue of 
his office, interests, and administrative ex¬ 
perience, the ideal man to write the present 
volume. It is sad to have to record that he 
did not live to see its publication. 

The book provides an illuminating account 
of the manner in which “the famous Acad¬ 
emy of . . . philosophical scepticks that be¬ 
lieve nothing not tryed”—as a gentleman 
later to become its President called the Royal 
Society—conducted and administered its va¬ 
rious affairs. In addition to this the book 
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gives one an insight into the growth and de¬ 
velopment of the Royal Society which does 
very much more than supplement the more 
purely earlier historical accounts of that ad¬ 
mirable institution. 

The management of a scientific society’s 
practical affairs bears a not insignificant rela¬ 
tion to the realization of its potentialities for 
survival and the performance of labors both 
beneficial and useful. In the conduct of its 
affairs the Royal Society does not always 
appear to have been well-advised, but on the 
whole it seems remarkable how well and effi¬ 
ciently it has been served in this respect by 
its officers. Sir Henry Lyons writes most 
interestingly of the ups and downs of the So¬ 
ciety’s fortunes, and from his account many 
a valuable moral could be drawn, among the 
chief of which I should say is: Place not your 
societies’ fortunes in the hands of business 
men. Another moral to be drawn is: Admit 
not too many non-scientists into your midst, 
but let a scientific society be a scientific so¬ 
ciety, and not a society for the encourage¬ 
ment of donors who usually don’t donate, 
anyway. 

There are very few questions which the 
reader is likely to ask which Sir Henry leaves 
unanswered. His excellent work will for 
many years serve as a valuable repository of 
information concerning an aspect of the his¬ 
tory of the Royal Society which has never 
before been adequately treated.— Ashley 
Montagu. 

AQUARIUM HANDBOOK 

Guide to Higher Aquarium Animals . Edward T. 

Boardman. 107 pp. Illus. 1944. Craiibrook 

Institute of Science, Bloomfield Hills, Mich. 

A good first impression, made by the excel¬ 
lent typography, binding, and illustration of 


Mr. Boardman ? s book results in a consider¬ 
able disappointment after critical examina¬ 
tion. The organization is rather that of an 
identification list of Michigan fishes, sala¬ 
manders, frogs, turtles and snakes, quite 
erratically chosen, and in many eases with¬ 
out evident suitability for the aquarium. 
No distinction is made between the aquarium 
and terrarium, although many of the crea¬ 
tures listed are wholly terrestrial. The more 
interesting, cleanly, and handsome snakes for 
the terrarium are omitted, while the partly 
aquatic but evil-smelling water snakes and 
garter snakes are listed. The box turtle is 
omitted, though no more terrestrial than is 
the common toad, which is included. 

The difficulty of avoiding minor errors, 
even for a scientific press, is illustrated by 
the failure to adopt the excellent distinction 
between the plural forms “fish” and 
“fishes.” The reviewer especially dislikes 
the continued use of the term Anura, which 
has not had much taxonomic respectability 
since 1907. The figure intended to represent 
the spotted salamander is a typical midwest- 
ern tiger salamander. The specific name of 
the bullfrog is misspelled and capitalized. 
The soft-shelled turtle is said to lack bony 
plates, and the cutting edges of the jaws in 
turtles are said to be on the head. 

There is a need for a renewed effort to 
produce aquarium and terrarium handbooks 
directed to the beginner and filled with in¬ 
struction as to the establishment and man¬ 
agement of various combinations of animals 
in these two types of vivarium. Such vivaria 
offer an extremely important aid to the par¬ 
ent whose children exhibit an interest in nat¬ 
ural history, and equally to the grade school 
science teacher and the high school biologi¬ 
cal laboratory. —Karl P. Schmidt. 



COMMENTS AND CRITICISMS 


Apology to Dr. Remmers 

We have discovered that we made an error in the 
legend of Figure 4, page 296, of the April issue of 
The Scientific Monthly. We very much regret it 
.and will do anything which you think should be done 
to correct the mistake.— Printer. 

Occasionally errors will be made in spite of all 
precautions, and when we make them we must 
grin and take the consequences. The legend 
should have read: “Proposition: ‘Negroes should 
be allowed to enter trained occupations on the 
same basis as white people/ Appreciable shift 
indicated.”—E d. 

Meteors and Meteorology 

Dorrit Hoffieit's “What Falls from Heaven" in 
the January 1945 Scientific Monthly has given me 
much pleasure, and I am writing partly to say how 
glad I am that you have printed this unusual paper. 

The research on the temperature of the high upper 
atmosphere by Lindemann, based on the precise ob¬ 
servations of the altitudes at which meteors are 
ignited and extinguished, has I regret to note, been 
omitted from Dr. Hoffieit's survey. This work is 
noteworthy for its originality as well as for the con¬ 
nection between meteors and meteorology. 

As for Dr. Hoffieit's introductory remarks about 
the etymology of meteor I am like a character in Fib¬ 
ber McGee and Molly's program. “That is not the 
way I heered it.' 3 Reference to Liddell and Scott 3 s 
Greek-English dictionary shows that Homer used 
‘‘ meteoros 3 3 to mean ‘ ‘ high'' and 1 1 raised up 3 3 as in 
1 i high horse ,' 3 “ high wave," “ a bag of meal raised 
up and tossed onto a wagon." Reference to Web¬ 
ster's Dictionary shows that its etymologist inter¬ 
preted this as indicating derivation of meteor from 
meta, beyond, and aeiro, raise. 

According to John Burnet, Early Greek Philoso¬ 
phy, the early Greek scientists, Thales, Anaximan¬ 
der, et ah, were primarily interested in cosmogony, 
and erected “meteor" into a generic for all phe¬ 
nomena in the heavens, e.g., comets, milky way, shoot¬ 
ing stars. As their interests widened the use of 
meteor was expanded to include “all the affections 
common to air and water, and the kinds and parts of 
the earth and their affections," to use the words of 
Aristotle. 

Aristotle, in writing his Te Meteorologica, re¬ 
stricted its scope to phenomena “below the moon," 
(Meteorologica S38B line 23), although his knowl¬ 
edge of astronomical distances was insufficient as 


shown by Ms retention of the milky way, comets, 
shooting stars, etc., in the Meteorologica. 

Skeat's etymological dictionary shows that the ap¬ 
plication of the word 11 meteor " as a specific to shoot¬ 
ing stars is an Anglicism committed by unimpeach¬ 
able authorities. Other European languages gener¬ 
ally use meteor in the generic sense of the ancient 
Greek, and call the subject of Dr. Hoffieit's paper 
c c bolides " or “ shooting stars, 3 3 e.g., French, i ‘ dtiole 
fflante .' 3 

Meteorologists, the etymological foundations of 
whose science have been eroded by this English trope, 
could recover the lost ground by systematically using 
the word meteor according to the ancient usage, of 
which enough persists in such expressions as “juve¬ 
nile and meteoric water," “hydrometers," and the 
like.— Eric R. Miller. 

Galileo vs. Aristotle 

In his essay, “The Autonomy of Science," [Feb¬ 
ruary 1945 issue of The Scientific Monthly], M. 
Polanyi retells the well-worn story of Galileo drop¬ 
ping weights from the leaning tower of Pisa to dis¬ 
prove Aristotle's “teaching that . . . bodies fall at 
different rates proportional to their heights," [p. 
146]. 

I got the impression rather distinctly from reading 
Professor Lane Cooper's very interesting and schol¬ 
arly little book, Aristotle, Galileo, and the Leaning 
Tower of Pisa (Ithaca, 1935), a few years ago that 
(1) Aristotle never claimed that “bodies fall at 
rates proportional to their weights" and (2) that 
there is very little evidence, if any, to indicate that 
Galileo ever did perform such an experiment. As 
Cooper says: 

. . whatever Galileo did, or failed to do, at 
Pisa, in all his extant writings he never once men¬ 
tions the leaning tower, and never talks of experi¬ 
menting from it," [p. 14], and 

‘ 1 And now we come to a rather cogent proof from 
Galileo himself that he did not while teaching at 
Pisa make the alleged experiment from the leaning 
tower," [p. 53]. 

Is Lane Cooper's study sufficiently comprehensive 
and correct? Have I misinterpreted Ms reasoning 
and conclusions? Or, is this story of Galileo vs, 
Aristotle just another tale out of the scientist's 
Mother Goose? We know from Yilhjalmur Stefans- 
son's interesting books, The Standardization of Error 
(New York, 1927), and Adventures in Error (New 
York, 1936), as well as from other sources, that even 
scientists occasionally succumb to their own folklore. 
— Leslie A. White. 
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THE BROWNSTONE TOWER 

The editor feels that he 
has an obligation both 
to the authors of articles 
published in the SM and 
to its readers. His ob¬ 
ligation to the authors 
could be met most easily 
by publishing their 
manuscripts exactly as 
submitted. However, if 
this were done, the dis¬ 
criminating reader would notice various incon¬ 
sistencies and a wider variation in precision of 
expression than he would expect to find in a mag¬ 
azine of literary pretensions. The readers 7 atten¬ 
tion to the flow of thought in an article should 
not be distracted by flaws in its composition. 
Therefore, the editor, acting as the first discrimi¬ 
nating reader, undertakes to edit the manuscript 
before it is printed so that subsequent readers will 
not hesitate over passages that seemed question¬ 
able to him. Any changes that the editor may 
make should have the approval of the author be¬ 
fore publication, and the author has the right to 
veto any change that is obnoxious to him. 

When he edits the text of a manuscript, the 
editor tries to do a number of things at once. He 
tries to make its spelling conform with that of 
Webster’s International Dictionary and its punc¬ 
tuation with the recommendations of The Uni¬ 
versity of Chicago Manual of Style, not because 
these books are final authorities but because ad¬ 
herence to them makes possible an approach to 
the admittedly unattainable goal of consistency. 

Of far greater importance in editing is the ex¬ 
amination of each sentence to make sure that it 
reads smoothly and is susceptible to only one in¬ 
terpretation, except when a double entendre is 
intended. The editor does not hesitate to simplify 
$umsy sentences and to correct grammatical er¬ 
rors. He is also on the lookout for unnecessary 
repetition of words or thoughts or for obscure, 
irrelevant, or illogical statements and makes what¬ 
ever changes or deletions are necessary to correct 
those faults. Summaries, which are essential in 
technical papers, are regarded as undesirable rep¬ 
etition in the SM and are deleted. Manuscripts 
;pj£ addresses are likely to open with pleasantries 
fiat are appropriate for a visible audience but 
je# #03! the unseen reader. Suitable alterations 
dir deletions are made in such manuscripts. 


Many other editorial changes are made that 
have nothing to do with the quality of an article 
but tend to improve the appearance of the SM. 
For example, we believe that the cover, bearing 
the table of contents, looks best if the title and 
name of the author of each article occupy only 
one line. Therefore, we restrict the length of 
title accordingly. 

We prefer that no headings be used within an 
article, but that a complete change of subject be 
indicated by a space, or white line. In some fac¬ 
tual manuscripts a few headings may be desirable. 
We prefer to use side heads only, but will also use 
center heads if necessary. 

As a rule, illustrations are reduced to column 
width or page width. The top of a full-page 
illustration is placed at the top of a page, never 
at the side. Contributors should bear in mind 
these limitations when making graphs or other 
line drawings for the SM. When graphs are 
properly proportioned and clearly marked with 
a lettering set, they can usually be reduced to 
column width, thereby saving space and im¬ 
proving appearance. Information about graphs 
should not be lettered on them but should appear 
in the legend. 

It is our practice to use a single-line legend in 
large capitals, followed, if necessary, by a sub¬ 
legend of one or more lines in small capitals. The 
length of each line of the sublegend is adjusted so 
that it will equal the width of a page or column. 
In other words, the sublegend is boxed for the 
sake of appearance. Unless the author cares to 
take the trouble to work out sublegends of the 
proper length, the editor will do it from the in¬ 
formation provided by the author. 

Illustrations may or may not bear figure num¬ 
bers. If they do, all the figure numbers should 
be mentioned in the text in numerical order. The 
illustrations are published in that order and are 
placed as near the point of reference as possible. 

Many contributors are known to be grateful for 
our editorial work on tbeir manuscripts. It may 
be supposed that some are indifferent and that 
others are mildly annoyed. In view of the fact 
that the editor is not infallible and undoubtedly 
makes some changes that are indefensible, it is 
astonishing that so few protests h^ve been re¬ 
ceived. It seems that a large majority of con¬ 
tributors to the SM accept in principle the desira¬ 
bility of editorial work on their manuscripts.— 
Ed. 
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THE RIVER IS THE PLOW 

By E. C. HIGBEE 


Ever since its discovery 400 years ago, the 
future prospects of the Amazon Valley have 
been the subject of lively armchair specula¬ 
tion. The fact that comparatively little 
progress has been made in all that time has 
not sobered the Amazon’s drawing-room en¬ 
thusiasts. The vastness of its area, roughly 
equal to that of the United States, perhaps 
accounts for a persisting popular interest. 
There has been a feeling that so much space 
must contain something valuable and should 
produce more than weird legends about head¬ 
hunting Indians. It does—but chiefly in the 
form of jungle products which are hard to 
obtain. 

Perhaps the most noteworthy contribution 
the Amazon has yet made to the world has 
been a group of native economic plants, in¬ 
cluding rubber and quinine, which have been 
transplanted to other parts of the globe 
where they are more efficiently produced on 
plantations. There is reason to believe it has 
further important contributions to make. 
Within recent years it has given the world 
the Lonchocarpus plant, an excellent source 
of the insecticide rotenone. In all probabil¬ 
ity time and explorations will extract others 
from the prolific Amazon storehouse. 

The jungles of the Amazon, happy hunt¬ 
ing grounds of the tropical botanist, are a 
forester’s nightmare. Here one finds stands 
of mixed species of which only a small pro¬ 
portion are .economically important. The 
value of the products in most cases will not 
pay for their commercial salvage. This 
situation is becoming more pronounced as 
the accessible lands along the river’s edges 
are utilized. 

The Amazon Basin remains one of the 
world’s most primitive and unproductive 
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regions for many reasons, and not the least 
of these is the fact that the majority of its 
population is primarily occupied with the 
details of subsistence living rather than with 
the harvesting and processing of jungle prod¬ 
ucts. They have neither tin? time nor the 
inclination to produce great quantities of 
goods for export. This preference for self- 
sufficiency is not entirely voluntary. No 
one is more delighted with the articles of the 
industrial world than are the people living 
here. To indulge their desires, however, even 
in a moderate manner, is beyond their earn¬ 
ing power; and so they accept the alterna¬ 
tive and each family spends most of its time 
taking care of its own needs, in so far as 
possible, by using the crude resources of the 
forests instead of laboring for the stream¬ 
lined products of industry. Wild game and 
fish, together with wild fruits, nuts, palm 
hearts, and other vegetable products obtained 
from the forests, provide a substantial share 
of the daily diet. 

While the average Amazon family obtains 
much of its food from the wild, it is obliged 
to supplement nature’s abundance with a 
few staples produced at home. The principal 
items are manioc, rice, beans, corn, bananas, 
plantains, papayas, oranges, pineapples, 
chickens, and eggs. The chickens shift for 
themselves almost entirely by subsisting on 
insects, weed seeds, and wild greens, supple¬ 
mented by a little household refuse. An 
enterprising missionary I knew in Pucalpa, 
Peru, hunts alligators to make a dehydrated 
protein supplement of their entire carcasses 
for his chickens. He also feeds grain with 
the result that his hens have made an excel¬ 
lent laying record, but his example has not 
been followed because the natives are not 
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enthusiastic about the extra work it entails. 

Throughout the valley practically all com¬ 
munication is by water. The principal over¬ 
land trails through the forests are the short¬ 
est distances between rivers. They corre¬ 
spond to the portages formerly established 
by the Indians of the Great Lakes region of 
the United States. The dugout canoe is a 
symbol of Amazon life. This crude craft, 
hollowed from the trunk of a large tree—fre¬ 
quently a mahogany or Spanish cedar is 
usually 12 to 15 feet long, although some as 
large as 30 feet in length and 4 feet wide 
are made for merchants and landowners to 
haul their goods. In the Lower Amazon, 
particularly in the Bay of Marajo, sailboats 
are common carriers of merchandise, while 
in the headwaters region of Peru balsa-log 
rafts transport produce downstream. A 
considerable proportion of the produce 
brought into the port of Iquitos arrives on 
balsa rafts which are usually 1 equipped with 
a palm-leaf shelter for the crew who sleep 
and cook their meals aboard. A journey on 
a raft, which in some cases may last a week 
or two, is seldom interrupted by tying to 


the river bank until the destination is 
reached. These rafts keep to the mid-channel 
as well as possible to avoid snagging on sub¬ 
merged logs near the shores and to escape 
the dangers of being crashed against the 
river banks by the swirling whirlpools of the 
stream. At night the crews put up signal 
lanterns to warn steamboats of their pres¬ 
ence, since they are not easily maneuvered. 
Frequently a steamboat is obliged to idle its 
engines when passing these craft to avoid 
swamping them. 

The steamboats themselves are practicably 
all wood burners, which are obliged to make 
frequent stops along the river banks to pick 
up fuel. Providing wood for these boats is 
a source of income for any bank dweller 
along the main streams who has the industry 
to cut the trees and split the cord wood, which 
is stacked in measured cubic-meter squares 
along the shores in full view of passing boats 
to excite their interest. Traveling on these 
boats, which are itinerant markets whose 
clerks comprise the passengers and crew, is 
one of the best means of observing the nature 
of Amazon trade and the produce of the 
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regions one travels through. Air travel is 
more comfortable and dignified, but unless 
one has journeyed on the river by steamboat, 
raft, or canoe and lived for a time in the 
mud-pathed villages of palm-thatch huts 
along the way, he will never have known the 
details of Amazon life, which are not so 
greatly different today from what was simply 
yet so faithfully described by Alfred Russel 
Wallace in his travels nearly 100 years ago. 

Canoe travel is one of the most character¬ 
istic pastimes of the Amazon native. lie is a 
natural busybody. He loves gossip, particu¬ 
larly it he can tell the tale. Not having 
newspapers, radios, or telephones, the people 
nevertheless keep remarkably well informed 
about one another’s activities, within certain 
regional limits, via the river “grapevine.” 
The native’s principal recreation is associat¬ 
ing with his friends. He thoroughly enjoys 
conversation, dancing, and drinking with his 
companions. To provide himself with these 
simple prerequisites for pleasure requires no 


contact with the outside world. The rivers 
being the thoroughfares of communication, 
those who are paddling up and down in their 
canoes are in the very whirl of social activity. 
Much of this roaming is associated with a 
little business of a barter nature. A family 
may liave a few extra dried fish or a surplus 
basket of manioc, the monetary value of 
which could be reckoned in a modest amount 
of small change, but it provides an excuse for 
getting around and seeing things. In passing 
one another in canoes they do not have much 
time for repartee, but everyone makes the 
most of it by calling out greetings in a direct 
and inquisitive manner, as typified by the 
following river verse: 

l Como ftc llama ? 

Co mo eft/af 
l Dr donde viene ? 

I A donde va'1 

What is your name 1 ? 

How are you 1 ? 

Where do you come from I 

Where do you go ? 



VILLAGE OF NAUTA ON THE MAEANON EIYEE IN PEEU 


PERMANENT BARRIER IN FRONT OF THE CITY WAS BUILT UP BY A SUCCESSION OF “PLAYAS . 77 LARGE STEAMERS 
CAN NO LONGER REACH THE VILLAGE AND MUST PASS BY IN THE MAIN CHANNEL (LOWER RIGHT-HAND CORNER). 
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If there were a few more lines they would 
run in the same vein: Why are you going? 
What have you to eat? How many babies 
do you have? Homely information of this 
sort gathered in a day’s time will serve for 
long evenings of conversation and much 
speculation. 

It is difficult to give a concise description 
of the Amazon lowlands, which constitute 
the great central area of the basin. A view 
from the cabin of an airplane of the monoto¬ 
nous immensity of the broad valley floor tests 
one’s credulity. To be sure, the apparently 
flat earth below is terra Anna, but it is a 
world practically without evidence of man’s 
existence. It is an endlessness of mossy 
green thinly flecked with the purple, yellow, 
and pink of flowering trees sometimes dis¬ 
sected by the serpentine meanderings of an 
occasional river. The feeble perforations 
made by men who have hacked out isolated 
clearings here and there near the edges of 
the streams for a house, a garden, or a vil¬ 
lage are scarcely distinguishable until one 
is almost over them. The variations in the 
pattern of jungle vegetation, apparently de¬ 
termined by the drainage characteristics of 
the topography, offer the only contrasts. 
Concentration is required to observe all but 
the most obvious of these, such as the scat¬ 
tered areas of grasslands and the young for¬ 
ests which have invaded the former channels 
of rivers. In all this vastness there are only 
three large cities, Belem and Manaos, in 


Brazil, and Iquitos, in Peru. They are as 
widely separated as New York, Chicago, and 
Denver. 

Viewed from the intimate range of a pad- 
dler in a dugout canoe, the picture is quite 
different. There is a surprising amount of 
human activity. The slower one travels the 
more apparent this activity becomes. One’s 
view of the world is restricted to the river 
and to its banks. It is along the banks that 
people have settled, and it is near the banks 
that the Indians have always lived. The 
explanation is simple. People must move 
about to find game food and exchangeable 
products in the forest, to catch fish in the 
streams, and to communicate with one an¬ 
other. The only practical way to move and 
to transport their goods is by water. The 
vast expanses of jungle which lie far inland 
from the rivers are practically uninhabited. 
The people of the Amazon Basin may be 
correctly described as bank dwellers. 

The topography of most of the central area 
of the Amazon Basin, which lies within the 
fall line of its rocky rim, is in reality gently 
undulated, although it appears to be almost 
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flat from the air. The roiling surface of the 
land may be compared to an immense wash¬ 
board. At the peak of the rainy season the 
depressions of the corrugated earth are 
gradually flooded while the ridges remain 
above water. Almost all villages are built 
on highland, but thousands of individual 
squatters have chosen to settle in the low 
spots. 

People who have built their huts along the 
river banks in the low areas find the water 
level reaching to the doorsteps of their stilt- 
supported houses at flood time. Fortunately 


weeks’ work to build another out of local 
materials: posts and matted palm leaves tied 
together with jungle vines. Seldom is 
human life endangered, for as the waters 
spread over the banks and the lands beyond, 
the force of the current is dissipated until 
it is scarcely noticeable. Under the trees 
and about the huts it is almost motionless. 

The floods may be of more benefit than 
harm, for the waters of the Amazon and 
of its tributaries are heavily laden with 
silt, which is deposited over the little clear¬ 
ings around the bank dwellers’ huts. These 



ALTURA LAND CLEARED FOR PLANTING 


this critical period, which comes regularly 
at the end of the annual rainy season, lasts 
only a few weeks. The rising of the water 
produces a paralyzing effect such as does the 
accumulation of snowdrifts on the farm¬ 
lands of our northern states; at such times 
activity, except for the passing of canoes 
over the flooded territory, is practically at 
a standstill. These floods destroy compara¬ 
tively little property, for the waters pass 
under the stilt-supported houses, seldom un¬ 
dermining them. Even when an occasional 
house may be destroyed the loss is not dis¬ 
astrous. It is merely a matter of a few 


deposits will range in thickness from a few 
inches to a foot or more in one season J s flood. 
When the water subsides, manioc, beans, 
corn, and rice may be planted in this mud, 
which is more productive than the soils of 
the highlands. This is one reason the low¬ 
land areas are desirable home sites. 

Generally speaking, the broad territory 
lying within the fall-line rim of the Amazon 
Basin may be divided into four classes. In 
Spanish they are known as the £< alturas,” 
the “bajios,” the “orillas,” and the 
“playas.” The alturas are the highlands 
seldom extending over 200 feet above the 
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flood levels of the rivers. The bajios are 
the lowlands which are flooded in the rainy 
season. In some cases they remain perma¬ 
nently swampy. The orillas and the 
playas are associated only with the river 
channels. The orillas are levee-like river 
banks, while the playas are sedimentary 
bars laid down in and along' the river chan¬ 
nels each summer when the rains slacken and 
the river waters recede. The accompanying 
diagrammatic cross section allows a common 
relationship of these land types. 

The al turns are covered by forest 
growth. The predominant vegetative cover 
of the bajios and the orillas is the forest; 
occasionally grass. The playas are barren 
of plant life when they first appear, as they 
are fresh sedimentary deposits composed of 
various mixtures of sand, silt, and clay. The 
size, shape, and even the position of these 
sedimentary bars may change from year to 
year. On the alturas, or the highlands, soil 
fertility is soon exhausted, and after a 
few seasons the plots prepared for gardens 
must be abandoned and new ones cleared. 
On the bajios and the orillas, where allu¬ 
vial mud is deposited by the winter floods 
that restore fertility and smother out weeds, 
cropping goes on indefinitely. The playas 
are suitable only for such crops as rice and 
beans, which may be planted and harvested 
within a four- to five-month period between 
June and November, when river levels are 


low. On the playas no land preparation 
whatever is necessary, for as soon as the 
flood waters subside the alluvial deposits are 
ready for planting. The river is the plow 
and the harrow in this region where draft 
animals and tillage implements are practi¬ 
cally unknown. It is a seeming paradox 
that here where Nature herself prepares the 
farmer’s seedbed each year there is only a 
feeble popular interest in agriculture. The 
answer perhaps lies in the fact that the for¬ 
ests provide even more easily obtainable pro¬ 
duce. 

Another reason for not growing much 
more food than is necessary for one’s own 
subsistence is that if there is a surplus it 
will have little exchange value. There may 
be a near-famine in a large city, such as 
there was in Tquitos in 1943 when I was there. 
Yet several days’ journey beyond that city 
the prices offered by river merchants travel¬ 
ing in their steamboats were but one-seventh 



PLANTING MANIOC CUTTINGS 

IN ALLUVIAL MUD ON AN ORILLA JUST AFTER THE 
RAINY-SEASON FLOOD. MARA&6N RIVER, PERU, 1943. 
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to one-half of the current retail values in formation. A play a visited on the Maranon 

Iquitos. The farther the boats were from River near the little village of Dos Unidos, 

Iquitos the less was offered for the food. Peru, in 1943 had the land-utilization pat- 

Any attempt to stimulate increased food tern shown in the accompanying figure, 

production in the Amazon is likely to evoke ' The main part of the island shown in the 
considerable enthusiasm in Belem, Manaos, diagram had not been flooded. The area 

or Iquitos, where people are frequently with- where the sedimentary deposit was laid clown 

out adequate rations, but it is not likely to off the point of the island had been under 

make much of an impression on the bank- water throughout the rainy season, a period 

dwelling natives who would be expected to of about seven months. As the river level 

put in the crops. Chinese and Japanese dropped during the latter part of June the 

gardeners who painstakingly tend little configuration and the contours of the play a 

vegetable plots in and around the large cities became outlined. About the first of July, 

have the answer to profitable food produc- as the low areas began to drain, the sandy- 

tion in the Amazon. Their genius for doing clay loam formations started to appear and 

the hard work necessary to conserve and the beans were promptly planted. The seeds 

compost organic matter, to carry water to were dropped into small holes punched with 

the plants when they require it, combined the point of a stick, then closed over with a 



PLATA FORMATION AT IQUITOS, PERU: AUGUST 1943 

THIS FLAYA IS SITUATED AT THE HEAD OF THE ISLAND ACROSS THE MAIN AMAZON CHANNEL, DIRECTLY IN 
FRONT OF THE CITY. NO CROPS ARK PLANTED ON THIS PLAYA BECAUSE OF ITS PROXIMITY TO THE CITY. 


with their shrewd business judgment in 
growing their crops where they can market 
them directly, has made them successful. 
These Orientals, however, are products of 
an agricultural tradition, while the Amazon 
native is more skillful in exploiting the for¬ 
ests; and so it is only natural that each 
should seek to follow the pursuits in which 
he excels. 

Only the choicest of lands on the playas 
are chosen for cropping. These are the clay 
loam and sandy clay loam areas which are 
irregular depressions or beds of drainage 
channels developed in the process of the 
play a* formation. The true sand areas, 
which constitute most of the playa, are 
not planted to any crops. These sand areas 
are deposited by the more rapidly moving 
river currents in the early stage of the bar 


light covering of soil by a scuff of the plant¬ 
ers' feet. About a week later channels of 
the drainage way were free of water and the 
ground, although very soft, could be tra¬ 
versed by the planters who slogged in mud 
up to the calves of their legs to broadcast rice 
seed by hand. The river dwellers who plant 
rice and beans on the playas are expert 
judges of soil composition, for hardly a seed 
is wasted on unproductive sand areas. 
Birds constitute a plague to broadcast rice 
until it is well established and again from the 
time it heads until harvest. To ward off the 
attack of these winged culprits women and 
children watch the fields to disperse them 
with shouts and noisemakers whenever they 
threaten to alight. Scarecrows, too, are some¬ 
times employed, but with little success. 

Where turtles are numerous their eggs are 
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THE RICE HERE IS PLANTED IN HOLES MADE WITH A STICK IN THE LOW CLAY-LOAM DEPOSIT OP THE PLAYA. 


found in deposits of up to a hundred or more 
buried in the sands of the playas where 
they have been left to incubate. At night, 
by the light of flares and lanterns, people 
hunt the turtles which come ashore to lay 
their eggs, The turtles are flipped over on 
their backs where they helplessly paddle the 
air with their feet until they are collected 
alter the hunt. Large ones may weigh as 
much as 100 pounds. 

The playas are not always advantageous 
by any means. Aside from the fact that 
many an Amazon steamboat has been tem¬ 
porarily grounded by the formation of one 
in a previously open channel, they sometimes 
block off access to the mud banks in front of 
villages where the dboats are accustomed to 
tie . up. Perhaps Iquitos would not be the 
only large city in the upper Amazon today 
if such a sedimentary bar had not formed in 
front of the village of Nauta on the Marafxon 
River toward the end of the last century. At 
that time Nauta, a relatively thriving city, 
was the principal competitor of Iquitos. The 
playa was never washed away; in fact it be¬ 
came a permanent island which grew larger 
year by year and effectively cut off the water 
approaches tq the city which had previously 


accommodated large boats. Today Nauta is 
a village of but some 400 families where grass 
and the jungle compete for dominance of 
abandoned yards and gardens. 

The fortune of many an Amazon village 
has been altered by the capricious currents 
of the rivers which during high-water stages 
may rip out long strips of bank and destroy 
the villages piecemeal over a period of years. 
Little or no effort is made to cheek this ero¬ 
sion of the stream banks or to dredge out the 
playas , since the means required to con¬ 
trol the rivers would be more costly than the 
villages could afford. It is cheaper and 
easier for the inhabitants to migrate and 
build new huts. The remnants of huge trees 
and “islands” of floating grass, which are 
continually floating down the Amazon to the 
sea and which seldom fail to make a lasting 
impression on the minds of those who have 
traveled on that river, are testimony of this 
continual destruction. The most obvious evi¬ 
dence, however, is the brown silt-laden water 
of the stream. 

In itself land is not regarded as having 
much value. When property holders, or 
patrons as they are known in Peru, and as 
donas in Brazil, realistically discuss the 
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worth of a tract or a concession, they say it 
has so many squatters or peons. They base 
estimates of their probable income on the 
number of families living on their property 
and not on the acres under their control. 
I have known people holding title to thou¬ 
sands of acres who derive no income from 
them for the reason that they do not work 
the land themselves and there are no peons 
squatting on it who might be expected to 
work for them. The pattern of land owner¬ 
ship in the Amazon Basin, derived from 
Spanish and Portuguese colonial policy, is 
similar to that found in other regions of 
Latin America. Large tracts are owned by 
governments, companies, and a small per¬ 
centage of influential individuals, while the 
majority of the people, having no land of 
their own, worthless as it is, are obliged to 
work on that of the 'patrons. The patron 
welcomes these squatters or peons. Some 
charge rent for the privilege of squatting, 
while others do not in order to encourage 
settlement. What is of more importance to 
the patron than rent is the fact that the 
peons on his land constitute an available sup¬ 
ply of labor which he can hire in repayment 
for goods he sells to them. The peon usually 
prefers to work in the forest gathering jungle 
products, but there are exceptions to this 
rule. 

For instance, during the past ten years 
considerable interest has developed in pro¬ 
ducing Lonehocarpus roots in some parts 
of the Peruvian Amazon. These rotenone- 
containing roots are now the most important 
single export item passing through the port 
of Iquitos. Also, during recent years, jute 
cultivation has become popular in certain 
sections of the Lower Amazon in Brazil, 
chiefly through the efforts of Japanese set¬ 
tlers. Most of the acreage sown to these 
crops is financed by the traditional advance 
system whereby the patrons and mechants 
make loans to the growers, who repay with 
the produce they raise. Usually the ad¬ 
vances are made in installments: a certain 
sum when the land is prepared, another when 
it is planted, and so on until it is harvested 
and accepted by the creditor in payment of 
the indebtedness. 

The fallowing represents a pattern of how 


a peon may negotiate with his patron: Per¬ 
haps the peon wants a machete, which in 
1943 retailed for the equivalent of about $5 
in the Amazon Valley. After receiving his 
machete the peon is under obligation to work 
off its purchase price in terms of produce or 
a number of standard tasks of work. In the 
case of rubber, for instance, a man may be 
expected to gather and smoke between 3 and 
4 pounds of rubber in one day, and that may 
be considered a task. The money value of 
such a day’s task varies from place to place. 
In 1943 it ran between 20 and 60 cents a day * 
so assuming an average of 50 cents, a peon 
would he expected to work 10 days and 



FLOATING DOCK AT I QUITO B, PERU 

BECAUSE THE RIVER LEVEL IS CONTINUALLY FLUC¬ 
TUATING, THIS TYPE OP DOCK IS NEC! ESS ARY. IT 
VARIED PROM 45 TO 87 FEET HERE IN ONE YEAR. 

gather between 30 and 40 pounds of rubber 
to pay for the machete. 

In 1943 the best grade of rubber was worth 
45 cents a pound in Belem on board ship 
bound for New York. The machete was 
worth $1 plus ocean freight before it was 
unloaded from the same ship at Belem. 
Somewhere in the network of Amazon ex¬ 
changes a $1 machete became worth in some 
cases from $13.50 to $18.00 in rubber. The 
average patron does not make all or even a 
major part of the difference, since he buys 
and sells through intermediaries who range 
from peddlers to large export-import com¬ 
panies. Each product usually passes 
through many hands, and few Amazon trad¬ 
ers are interested in any merchandise which 
does not involve 50 to 100 per cent profit. 
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PLAN OF A TYPICAL AMAZON FONVO —SAN REGIS TILLAGE 

1, OVERSEER'S HOUSE; 3. RIVER BANK; 3. STAIRWAY LEADING UP RIVER BANK PROM SHORE; 4. CANOES; 
5. BALSA RAPT BEACHED BY RECEDING RIVER LEVEL; 6. VERANDA; 7 . STORE; cV. LIVING QUARTERS; 9. DIN¬ 
ING TABLE (PROM HERE THE PROGRESS OP WORK IN 46 CAN BE SEEN) ; 40, KITCHEN; 41. HOUSES OP WORKMEN 
MORE OR LESS REGULARLY EMPLOYED FOR SPECIAL TASKS; 13. TRAPICHE OR SUGAR CANE, MILL POWERED BY 
2 MULES DRIVEN IN A CIRCLE AT END OP BEAM WHICH TURNS THE MILL'S GEARS; 43. RAMP PROM WHICH WORK 
IN 46 AS WELL AS ADJOINING ROOM CAN BE SEEN; 14. CHICKEN HOUSE; 45. ROOF ON WHICH PISH IS CUT UP 
AND DRIED; 16. LARGE SHED FOR STORING AND MILLING SUGAR CANE; 17. OLD CANOES IN WHICH SUGAR CANE 
JUICE IS ALLOWED TO FERMENT FOR MAKING RUM; 18. CALDRONS FOR BOILING DOWN CANE J UICE TO MAKE CRUDE 
BROWN SUGAR; 19. LARGE KETTLES FOR TOASTING GRATED MANIOC ROOT INTO A PRODUCT KNOWN AS FARINA; 30. 
STILL FOR MAKING RUM FROM FERMENTED CINE JUICE; 31. SCHOOL; 33. HOUSES OF SPECIAL WORKMEN; 
33. CHURCH TO WHICH ITINERANT PRIESTS WOULD COME TO CELEBRATE FEAST DAYS. THE FIRST FLOOR OF THE 
MAIN HOUSE CONSISTED OF STOREROOMS. THE HOUSE WAS 11 WHITE WASHED 9 f WITH MIXTURES OF WATER AND 
EARTH. THE RIVER DWELLERS 3 HOUSES ARE SCATTERED OUTSIDE THE PERIMETER OF THIS UNIT. 
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Conversely, when a jungle product is offered 
to a trader by the patron it is accepted only 
at a low evaluation, because it must pass into 
export channels through several hands, which 
means that only a very small fraction of its 
value can be paid to the credit of the peon 
who gathers it. 

The average patron might be called middle- 
class even though he may control properties 
ranging up to several thousands of acres in 
extent. These middle-class patrons usually 
lack sufficient capital to finance the exploi¬ 
tation of their lands and are obliged to rely 
on wealthy import-export houses in the large 
cities for credit. 

In July 1943 my wife and I were the guests 
of Senor Alpio Antunez, patron of San Regis 
on the Maranon River in Peru. No one could 
be more cordially received than he who has 
the good fortune to be the guest of Senor 
Antunez. His house became ours in a very 
generous manner for the few days we spent 
with him, while I had the opportunity to 
visit the Lonchocarpus plantings of several 
of his peons and to observe the gathering of 
leche-cmpi , or “tree milk, 77 which is a 
chewing-gum latex. 

The hacienda, or fondo, of Senor An¬ 
tunez at San Regis was an example of what 
I have chosen to call the middle-class type. 
Ilis landholdings consisted of roughly 30,000 
acres, practically all of which were virgin 
jungle. He did not know exactly how many 
squatters had erected houses on his property, 
since they were always coming and going, 
but he estimated them at 150 families. Typi¬ 
cal of peons, they had their plantings of mis¬ 
cellaneous fruits and vegetables. Senor 
Antunez kept a store, and his people worked 
in return for the articles they bought there. 
He had a few acres of sugar cane from which 
he made rum under government license as 
well as crude brown sugar. Each year he 
planted a small acreage of rice, and his men 
gathered jungle products from the forest 
which he sold in Iquitos or to river merchants 
who stopped their boats at San Regis to do 
a little trading. Senor Antunez kept several 
cows to provide milk for his household. He 
raised a few hogs for his own table and for 
sale. A number of chickens in a fenced yard 
near his house kept him supplied with eggs. 


One or two of the peons at San Regis were 
usually kept occupied with fishing for 
patche , (Arapaima (jigas). In Brazil this 
same fish is known as the piraracu. It is 
the Amazon substitute for dried salted 
hacalao, or cod, which is one of the staple 
foods of the laboring classes of Latin Amer¬ 
ica. The paiche, which is much larger 
than the cod, is caught with a hand-hurled 
harpoon. This unusual fish requires atmos¬ 
pheric oxygen, and so it is obliged periodi¬ 
cally to rise to the water's surface for a gulp 
of air. I timed the frequency of the breath¬ 
ing periods of two mature specimens of this 
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fish in the experimental ponds of the Museo 
Goeldi at Belem in 1942 and found it to 
range from 8 to 13 minutes. A fisherman lo¬ 
cates the paiche by watching for it to* break 
water for air and then hurls his harpoon at 
the mark. Large ones, I have been told, will 
weigh up to 150 pounds. While we were at 
San Regis a fisherman brought in a specimen 
weighing 55 pounds which he estimated was 
3 years old. It was cut up; part was given 
to the fisherman as a bonus. We ate some, 
but most of it was salted and dried in the sun 
for sale. 

The arrangement of the rambling house 
belonging to Senor Antunez and the activities 
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willeli took place under its many roofs bore 
the unmistakable mark of the Amazon. To 
discuss all in detail is beyond the scope of 
this paper, but an imaginative interpretation 
of the accompanying diagram, which shows 
the house, courtyard, and general plan of 
San Regis village, will give the reader a 
picture of a typical Amazon fondo. 

Even the largest Amazon landholdings, 
which run into millions of acres, are broken 
down into a series of little units on the San 
Regis pattern. 

An understanding of the patron , or dono 
system is essential to any person who is in¬ 
terested in buying products from the Ama¬ 
zon. That rubber exports from this region 
have been disappointingly low during the 
war period may be traced in part to a failure 
to appreciate this fact. In an effort to reach 
rubber tappers directly a plan was designed 
to cut out the big import-export merchants 
by substituting a single huge corporation to 
•duplicate their function. It was not realized 
that the majority of the patrons, since they 
fall into the middle-class bracket, have tra¬ 
ditional ties with established export-import 
houses for credit and that the bank dweller 
in turn is tied to the patron by a long-stand¬ 
ing credit relationship. The result was that 
many merchants and patrons obliged their 
peons to spend their time gathering other 
products. Recent changes in the rubber pro¬ 
gram in Brazil have placed the responsibility 
for its procurement back into the hands of 
the big merchants who, it is now recognized, 


do perform an essential function with their 
credit, boats, warehouses, and organizational 
ability. Furthermore, these merchants by 
long experience have learned how to make 
their loans shrewdly, and they seldom fail 
to get the produce they specify in return. 

As can be gathered from what has been 
said, this is not an ideal setup from the point 
of view of offering the peon an incentive to 
work more regularly, but it does channelize 
whatever work he may do to the procure¬ 
ment of the product the export-import houses 
decide should be brought out of the Amazon. 
It is also perhaps possible to understand why 
the river-bank dweller is inclined to buy 
only the very minimum of essentials; why he 
prefers to be as. self-sufficient as possible and 
to ignore the outside world. 

All these factors tend to restrict the pro¬ 
ductivity of the Amazon and, consequently, 
its world importance. Had it not been for 
its wild rubber trees, this region would have 
attracted little attention during the present 
war period, and it is doubtful whether the 
relatively unproductive Amazon jungles will 
ever again be lavished with the solicitude 
they have recently received. While the Val¬ 
ley’s economic future is hardly one to excite 
the imagination, it will still remain the hemi¬ 
sphere’s most fascinating field laboratory for 
the naturalist. The variations of fauna and 
flora and the magnificent profusion of plant 
life, which is so impressive in mass and ex¬ 
quisite in. detail, will never fail to inspire the 
utmost enthusiasm of the scientific observer. 
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CARTOGRAPHY 

By A. K. LOBECK 


During the past two years more individual 
maps have been printed than in the entire 
previous history of the human race. The 
number lias run literally into the billions. 
The vast majority of these maps have been 
due directly to the war. Many of them have 
been maps of actual battlefrouts, many have 
been of potential battle areas, and many 
others have been of regions remote from the 
actual scene of fighting but nevertheless con¬ 
cerned with wartime activities. There have 
appeared also numerous maps of regions not 
involved in the war effort but which continue 
to be mapped as parts of a long-range map¬ 
ping program of peacetime importance. All 
these statements apply to most of the war¬ 
ring nations as well as to many of those not 
actively participating in the conflict. In 
short, the many map-making agencies of the 
many countries of the world have indulged 
in the greatest orgy of map-producing and 
map-reproducing that the world has ever 
seen. Private enterprise, too, has contrib¬ 
uted its quota, spurred on to tremendous 
efforts by the awakened interest in global 
geography in the schools and on the part of 
the general public. Cartography in all its 
phases is now a major industry. 

This great avalanche of maps may be 
classified roughly in the following way, and 
it is in this order that they will be discussed: 

1. Large-scale original surveys of small areas. 
These include topographic maps, harbor and coast 
charts, and military field maps. 

2. Small-scale compilations covering large areas. 
These include maps covering entire countries and 
continents, aeronautical charts and navigational 
charts of entire oceans or large parts thereof. 

3. World maps and globes. These are small-scale 
maps covering the entire world or large parts thereof, 
such as the hemispheres or the polar regions. 

Large-scale Original Surveys. The most 
important agencies in the United States 
which prosecute original surveys are the 
IT. S. Geological Survey, the Coast and Geo¬ 
detic Survey, the Hydrographic Office of the 
Navy, and the War Department. Similar 
agencies exist in other countries. Besides 
these there are other governmental and non¬ 


governmental agencies which are engaged in 
the collecting and mapping of data of vari¬ 
ous sorts, such as those relating to soils, 
agriculture, geologic formations, and facts of 
economic interest. 

The vast wartime activities of the II. S. 
Geological Survey have brought about an 
acceleration of the large-scale mapping pro¬ 
gram of continental United States, Alaska, 
Puerto Rico, and other outlying possessions. 
These so-called topographic maps, on a scale 
of 1:62,500, that is, about one mile to an 
inch, or in some eases 1:31,680, are high- 
class original surveys, done in the field and 
controlled by extremely accurate triangula¬ 
tion nets and level lines. The relief is shown 
by contours in great detail. In normal years 
these maps, which now cover about one-half 
the United States, appear from month to 
month as new areas are completed in various 
parts of the country, usually with a lag of 
two or three years or more between the 
period of surveying and the release of the 
printed map. During the past three years, 
however, the entire coastal belt extending in¬ 
land for 100 to 200 miles or more has received 
special attention. Extensive areas in these 
zones have now been mapped in detail for 
the first time, and many other areas have 
been resurveyed or remapped on larger 
scales. A notable improvement in the qual¬ 
ity of the maps and in the speed and in the 
reduced cost of mapping is due largely to the 
development of photogrammetry in recent 
years, further mention of which will be made 
later in this article. 

On a par with the U. S. Geological Survey 
is the work of the U. S. Coast and Geodetic 
Survey and of the Hydrographic Office of 
the Navy. The former agency is engaged in 
charting the coastal Waters and coastline of 
the United States and outlying territories,- 
the latter, in charting foreign waters not con¬ 
tiguous to this country. 

In peacetime the Hydrographic Office was 
engaged in a long-range program of survey¬ 
ing areas of commercial importance, mainly 
in the Caribbean Sea and Latin America and 
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in the Atlantic and Pacific approaches to the 
Panama Canal. For other parts of the world 
reliance was placed on compilation from for¬ 
eign sources, mainly Canadian and British 
Admiralty charts, which cover all principal 
coasts and ports of the world. This arrange¬ 
ment was made to avoid duplication of effort, 
under a standing agreement for the exchange 
of hydrographic information established by 
the International Hydrographic Bureau. It 
is obvious that every nation, so far as is pos¬ 
sible, must rely upon the surveys of others, 
if only because of the vastness of the areas 
which must he covered. The Hydrographic 
Office is not limited in the areas it may sur¬ 
vey; but customarily it restricts its opera¬ 
tions to water beyond the limits of the United 


States and its territories. The war (caused a 
shift of the Hydrographic Office to a pro¬ 
gram of surveying areas ot* strategic rather 
than commercial importance. When this 
country undertook the defense of Greenland, 
engineers were dispatched from the Hydro- 
graphic Office who worked in conjunction 
with the Greenland Patrol to survey areas 
selected for new army bases. Many sound¬ 
ings and other information were thus ac¬ 
quired and a new series of charts was con¬ 
structed. The acquisition of new bases 
under Lend-Lease for American hemisphere 
defense necessitated surveys also in New¬ 
foundland, Bermuda, the Bahamas, Jamaica, 
Antigua, Trinidad, British Guiana, Labra¬ 
dor, Baffin Land, Ecuador, and the Gal&pa- 
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gos Islands by the Hydrographic Office, prior 
to our entrance into the war. 

At the present time survey parties are 
engaged in work in the far-flung Pacific 
islands. These groups often find themselves 
forced to work in areas where the utmost 
precautions must be taken to avoid giving 
notice to the enemy of their operations. 
Hurried systems of triangulation are set up, 
perhaps under the very guns of the enemy, 
and surveys made which will be used to pre¬ 
pare charts for invasion forces. These guer¬ 
rilla tactics are typical of the hit-and-run 
style of both water and land mapping which 
must exist during wartime. The usual time 
for production of an original chart in peace¬ 
time was about nine months for surveying 
and two years for construction and printing. 
Now, the over-all time for production aboard 
survey ships is about six weeks. These field 
charts are later returned to the central 
Hydrographic Office in Washington for re¬ 


printing and, if necessary, replotting and re¬ 
drafting, and subsequent general issue. 

Coming to the work of the War Depart¬ 
ment in the preparation of original surveys 
of small areas on a large scale, we may nat¬ 
urally assume that most of this is intimately 
concerned with the actual fighting fronts. 
Tons upon tons of maps showing in detail 
topographic features, with up-to-date mili¬ 
tary information, have been made available 
for front-line use in Africa, Italy, France, 
and Germany. In these areas where fairly 
accurate prewar maps produced by the vari¬ 
ous countries were available, the job of the 
army was to reprint these maps for field use, 
with the addition of military grids and other 
information, much of which was gained from 
aerial photographs. The large-scale topo¬ 
graphic sheets of virtually all the countries 
of the world have thus been reprinted in 
Washington by the Army Map Service in 
their great new plant designed for that pur- 
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LIFEBOAT CHARTS 

Since the outbreak of the war, the Hydrographic Office has been 
providing charts which are carried in a metal container in each 
lifeboat of the U. S. Merchant Marine. These charts have also 
been supplied to Allied merchant ships upon request. Originally 
these charts were the latest copies of Pilot Charts covering the 
area in which a vessel was likely to operate. More recently, sets 
of Lifeboat Charts, covering the five oceans, for the summer and 
winter seasons were substituted for the original Pilot Charts. 
No Lifeboat Charts of the Central American waters have been 
printed, as this area is covered by the North Atlantic and North 
Pacific Ocean Charts. 

The Hydrographic Office is desirous of ascertaining details of 
lifeboat voyages that have been made with the aid of the charts 
in the boats. Comments as to their utility, suggested improve¬ 
ments, and other pertinent details are requested. 

The information should be given to the local naval authorities 
or sent direct to the Director of Naval Intelligence, Washington 
25, D. C., in either case requesting that it be forwarded to the 
Hydrographic Office. 
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pose. These, with necessary overprints in 
color, are shipped to, all quarters of the 
world, wherever they may be needed. In the 
battle areas, of course, emergency maps are 
produced from day to day and are printed 
just back of the lines for immediate distri¬ 
bution. Aerial photographs again play a 
very important part in making this possible. 

In places like New Guinea and other 
Pacific areas virtually no maps were avail¬ 
able at the outset of military operations, and 
it was necessary to start from scratch, with 
the handicap also that the enemy was almost 


everywhere in control of the surface. The 
lack of suitable maps in these areas is clearly 
responsible for the loss of many American 
lives, but it is encouraging that, with each 
advance now into new islands of the Pacific, 
maps are being made available for the armed 
forces through the combined efforts of the 
several agencies mentioned. 

Small-scale Compilations Covering Large 
Areas. The outstanding example of a map 
of this kind is*the International Millionth 
Map of the World, As originally planned 
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each map-making country of the world was 
to map its own territory on the scale of 
1:1,000,000, which is about 16 miles to the 
inch, by compiling data from original sur¬ 
veys and publishing them hi accordance with 
a standard scheme of symbols , and colors. 
The British have been most active in the 
prosecution of this work and have essayed 
the task of doing all of Europe and much of 
Africa and Asia. These maps are now prov¬ 
ing indispensable in strategic studies of these 
areas. This whole series has been reproduced 
by our Army Map Service for multifarious 
uses by the various governmental agencies 
working or planning in foreign fields. Many 
similar compilations on other scales might 
also be mentioned. 

While little lias been done toward the com¬ 
piling of millionth maps of the United States, 
nevertheless a monumental job has just been 
completed by the American Geographical 
Society of New York in the publication of 
the millionth map of South America, Mexico, 
and Central America. This is a superb piece 
of map-making involving years of research 
and compilation from every conceivable 
source of information. Its usefulness at the 
present time is inestimable, and it suggests 
the sort of thing which still remains to be 
done for most of Africa and Asia, where 
maps are so sorely needed. 

Another example of map which is essen¬ 
tially a compilation, rather than an original 
survey, is the aeronautical map of the entire 
United States in 87 sheets, on a scale of 
1:500,000, prepared by the U. S. Coast and 
Geodetic Survey. As this may be had with 
or without the aeronautical information, it 
will serve a wide variety of purposes. Its 
scale is considerably larger than the average 
automobile road maps which are issued by 
the oil companies. Similar compilation in 
the form of strip maps covering the air 
routes of the world represents a wholly new 
phase of map-making which has come out of 
the war but which doubtless would have 
developed anyway during the coming years 
in a more leisurely manner. 

During the past three years the State De¬ 
partment has been expanding facilities and 
personnel needed for the planning and con¬ 
struction of general and detailed maps re¬ 
quired for the study of specific problems in 


the field of foreign policy. Much of the 
information included on these maps has been 
obtained by intensive investigations con¬ 
ducted by the research staff of the Division 
of Geography and Cartography, but the filial 
design and construction of the maps has 
been the responsibility of the Cartographic 
Branch of this Division. Several, hundred 
large colored wall maps have been prepared 
for use by departmental and interdepart¬ 
mental committees. Before being colored by 
airbrush, these wall maps are reduced photo¬ 
graphically, and copies are printed to accom- 
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pany documents. To reduce costs, many are 
colored on a ditto machine. Other special 
maps are drawn for color reproduction at a 
small ratio of reduction. 

The majority of the maps produced by the 
Cartographic Branch portray the "detailed 
distribution of social, economic, and histor¬ 
ical facts. Although prepared specifically 
for the needs of the State Department, large 
numbers of the printed maps are distributed 
to other agencies for their use. 

The public in general is more accustomed 
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to usings relatively small-scale maps of largo 
areas, such as entire countries and conti¬ 
nents, than of large-scale topographic sheets. 
Usually it is not realized that these maps 
are merely compilations although involving 
much research of original surveys and of still 
earlier compilations as well. This is the type 
of map which has been issued in recent years 
by the National Geographic Society in Wash¬ 
ington. The scale of these maps is between 
1:5,000,000 and 1:15,000,000. Tt is some 
satisfaction to know that although in the past 
the United States has lagged behind Europe 
in the development of this type of map, 
largely because of a lack of any critical 
understanding of maps in this country, now 
we are forging to the front. Hence it may 
be expected that in the future we shall have 
available maps of our country on a scale and 
of an excellence comparable with the best 
that have been made in European nations. 

World Maps and Globes . In spite of the 
common impression that something new has 
come out of the war in the way of maps to 
illustrate global geography, it is only fair to 
say that such is not the case. Many people 
have now come to use maps practically for 
the first time and, having in their early days 
seen only about one kind of world map, they 
are greatly surprised when they see portions 
of the earth’s surface represented in an un¬ 
familiar way. The fact is that the subject 
of map projections, which is what is at the 
root of the whole matter, has been pretty well 
explored and understood, even for many 
centuries. It is true that at the present day 
some new notions are being exploited, but 
these by and large are only modifications of 
old established principles. This is not to 
decry their value. Anything which will get 
people to understand the geography of the 
globe is very desirable, but it is just as well 
to realize that we are not witnessing a revo¬ 
lution in cartographic methods. 

To illustrate the sort of thing being done 
in the way of creating new maps or new ideas 
in map-making, take the modified Mercator 
map devised by Dr. O. M. Miller, of the 
American Geographical Society. He has 
used the Mercator map, but instead of in- 
;creasing,: 1 ;the, latitudinal distances progres¬ 


sively toward the poles to the same extent 
which the Mercator map does, he arbitrarily 
reduced this amount and thus obtained a 
map which has far less exaggeration of areas 
in high latitudes and which, in addition, can 
actually extend to the poles themselves. As 
a world map it is highly satisfactory to the 
average user because (1) it covers the entire 
world, which the Mercator does not; (2) 
meridians and parallels are at right angles 
to each other, as they should be; (;$) north 
is always at the top of the map; (4) east-and- 
west lines are always horizontal; (5) there is 
no undue exaggeration of areas; (6) the map 
has continuity. Those qualities make it aa 
admirable map for the layman, but it would 
be incorrect to say that it is better than a 
Mercator map because as a matter of fact 
it fails utterly to do the very thing for which 
the Mercator map was in the first place 
designed to do—to preserve directions so that 
the map may be used for navigational pur¬ 
poses. This may be taken as one of the many 
so-called improvements or innovations in 
map-making. Such things appeal to the 
public, because it is interested in getting 
something that is easy to understand and 
that adds to its convenience even though by 
so doing it is losing something else of much 
greater fundamental value. 

One of the newest devices which helps to 
bring out the global aspects of the world is 
a globe which rests in a hollowed-out base 
like a golf ball on a tee. It may readily be 
turned in any direction for convenience of 
observation. Pitting closely over the globe is 
a transparent celluloid hemisphere which 
may be moved to any desired position so that 
its center can be placed over any point on 
the earth’s surface. A series of concentric 
circles engraved on the hemisphere makes it 
possible readily to see what places lie at any 
given distance from the center. The rim of 
the celluloid hemisphere, being a great circle, 
may be turned to indicate the path on the 
earth’s surface of the great circle which 
passes through any two given points. It is 
quite impossible to do this with any map 
unless the map has been designed for just 
this purpose, and such a map is not satis¬ 
factory in other respects. 

The concept of great circles and the fact 
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that they represent the shortest distance be¬ 
tween two points on the earth’s surface have 
become common knowledge in recent years, 
owing largely to the advent of the airplane 
in long-distance flying. People have, as a 
result, become surprised to discover that the 
polar regions lie along the direct route be¬ 
tween certain important places in the East¬ 
ern and Western Hemispheres. Maps cen¬ 
tered upon the North Pole have therefore 
become so popular that some people have 
been misled into thinking that the so-called 
air age has introduced some radical innova¬ 
tions in the field of map-making. With the 
appearance of articles in magazines criticiz¬ 
ing the use of some of our best-known world 
projections, like the Mercator map, because of 
the great distortion of features in the polar 
regions, and advocating instead other kinds 
of projections which do not have this fault, 


though they may have other and worse faults, 
and with the appearance of atlases showing 
parts of the earth viewed from unusual di¬ 
rections, and combined with all this still more 
articles which remind us that there can be no 
final solution to the problem of representing 
the surface of a globe on a flat plane, the lay¬ 
man is left in a bewildered state. He feels 
sure that something has been happening in 
the cartographic world, but he can not quite 
make out what the contribution has been. 
Perhaps it will ease his mind to know that 
all these apparent novelties are only old ideas 
in a new dress. If the layman learns any^ 
thing from the study of maps in this war it 
should be that there is no reason to say that 
any particular map or map projection is 
better than another one. Every map is a 
compromise. Some maps are good in some 
respects, other are good in other respects. 
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Tlie Mercator map, for example, is the only 
world map which preserves directions cor¬ 
rectly, and it is therefore the map best suited 
to navigation. Among the attributes which 
are striven for in the making of maps are 
correct scale throughout the map, correct 
scale in certain directions only, correct di¬ 
rections, correct shapes, correct areas, the rep¬ 
resentation of great circles by straight lines, 
and continuity. On large-scale topographic 
maps covering very small parts of the earth’s 
surface, inaccuracies in the above-mentioned 
particulars resulting from the kind of pro¬ 
jection used are virtually negligible. But on 
world maps or maps of large areas rarely 
can more than one or two of these desirable 
attributes be found on the same map. That 
is one reason why we have so many different 
kinds of maps. 

A review of the whole long history of map- 
making* shows relatively few fundamental 
discoveries. Two of them deserve comment 
in the light of present developments. They 
are: the accurate determination of longitude 
and the accurate representation of topo¬ 
graphic features. The former has to do with 
horizontal location, the latter with vertical 
position. 

The determination of longitude depends 
upon the exact difference in time between the 
place in question and the prime meridian. 
When it is realized that an error of one 
second of time means an error of about one- 
third of a mile in the true position on the 
surface of the earth, it is easy to see that be¬ 
fore the advent of highly accurate chronom¬ 
eters positions in longitude might be scores 
if not hundreds of miles out of the way. In 
fact, when the British Navy began to develpp 
clocks for navigation they were content to 
get timepieces which did not vary more than 
two minutes between Britain and the West 
Indies, and this meant determination of 
longitude to only within 50 miles. An. ac¬ 
curacy to within 100 miles was considered 
good. Now r , however, we have an instanta¬ 
neous report of Greenwich time by radio to 
any part of the world. This means that 
Within recent years, with the advent of short¬ 
wave reception to the remotest parts of the 
world, it is possible to map out-of-the-way 


places like the Pacific islands, rivers in the 
Amazon Basin* and localities in the Arctic 
with a greater precision and with greater 
ease and Jess expense than were possible even 
with the best of clocks. 

Concerning the representation of relief, it 
may be observed that the oldest maps of 
which we have records, even old Chinese 
maps, showed hills and mountains by pic¬ 
turesque symbols which looked more like 
little tents or wigwams than anything else. 
Then came the representation of relief by 
means of crude liachures, a method which 
has been much refined and artistically de¬ 
veloped by several European countries. But 
the most revolutionary device was the inven¬ 
tion of contours in the eighteenth century. 
Contour lines which connect places of equal 
elevation provide by all odds the best method 
of representing the precise character of -all 
kinds of terrain, even that which is covered 
by water. Large-scale topographic maps em¬ 
ploying contours to show the relief are vir¬ 
tually indispensable in military work as well 
as in engineering projects of all kinds. All 
such maps until recent years have been pre¬ 
pared on the ground by the use of the plane- 
table and similar surveying devices which 
necessitated covering the entire area on foot. 
But the airplane has now become available, 
and with it there has arisen the new science 
of map-making from aerial photographs, 
called photogrammetry. This does not clo 
away entirely with all ground work, but il 
does enable vast areas to be mapped far more 
easily and rapidly and in some respects more 
accurately than is possible by working on the 
ground alone. Highly intricate mechanical 
devices based upon the principles of the 
stereoscope make use of overlapping pairs of 
photographs, and by this means even very 
subdued topography may be mapped. Con¬ 
tour intervals of only two feet have been 
found practicable. 

Comparison between the earlier contour 
maps produced in this country and the more 
recent ones of the present day reveals a great 
improvement in the delineation of topo¬ 
graphic features. Much of this is due to the 
development of the science of geomorph¬ 
ology, or the understanding of the meaning 
of landscapes and their geological explana- 
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tion. It is necessary to realize that a con¬ 
tour map is not a purely mechanical device 
to show differences in elevation. It is a kind 
of portrait which expresses at the same time 
the individual qualities of the region. A 
good topographic draftsman must be not 
only a topographic engineer but also some¬ 
thing of a geologist and a geomorphologist, 
to say nothing of being an artist as well. He 
must portray the topography with such skill 
that the map can be interpreted in terms of 
its rock structure, its soil, and to some extent 
its geological history. A comparison of the 
new topographic sheets of the island of 
Martha\s Vineyard issued by the IT. S. Geo¬ 
logical Survey in 1944 with those issued in 
earlier years brings out this point in a strik¬ 
ing manner. 

Of comparable value to the airplane in 
mapping land surfaces are the new sonic 
devices for mapping the sea floor. Ex¬ 
tremely accurate results are now obtainable 
by this method/and it is becoming customary 
to make charts with depths indicated by con¬ 
tours, instead of by spot soundings with 
which most of us have in the past been 
familiar. 

The essential advanage of sonic sounding 
is that it can be done from a ship underway, 
and that for great depths ,(one mile or more) 
it is considerably more accurate than sound¬ 
ings made with a line. In deep soundings 
with a line, currents and wind drift in the 
ship make the line deviate from the vertical. 
Also it is hard to tell when you hit bottom. 

The importance of relief in military ac¬ 
tivities is now so well understood that wide¬ 
spread use is made of all’ kinds of other de¬ 
vices such as diagrams and models. A type 
of drawing known as a physiographic dia¬ 
gram or map has in recent years been de¬ 
veloped to portray pietorially the nature of 
the relief over large areas, designed pri¬ 
marily for strategic studies. A picture of 
this kind provides a means whereby a quick 
glance reveals the disposition of the moun¬ 
tains and plains, their intimate topographic 
character, whether they are much or little 
dissected, whether the country is rolling or 
rough, the nature of the passes, gaps, corri¬ 
dors, and other features of military signifi¬ 
cance. They have proved especially helpful 


to those who are not familiar with the use 
of contour maps. Because of the ease and 
the rapidity with which such pictorial draw¬ 
ings can be read, they were used by landing 
parties at the time of the African invasion 
and on other similar occasions. 

A full account of recent cartographic de¬ 
velopments should include also the new tech¬ 
niques in model-making which have been 
developed in special army and civilian 
schools. A good model assumes a good map 
or good aerial photographs as the source of 
information. Models range from those of 
small scale covering whole continents to those 
of very large scale representing beach heads 
or bombing targets upon which even the indi¬ 
vidual buildings are accurately represented 
to scale and even to color. The significant 
point of the matter is that a keen under¬ 
standing of the relief and its meaning is now 
a requisite in all military planning, be it 
for extended or for restricted operations, and 
it has been found that in some respects 
models provide the ideal medium for the ac¬ 
complishment of that purpose. 

In the October 1944 number of The Scien¬ 
tific Monthly, Rear Admiral G. S. Bryan 
said some good words in favor of the much 
maligned Mercator projection, He recom¬ 
mended this as the most all-round useful 
world map for the average layman. With 
the Mercator map, in order to cover the polar 
regions, he suggests the equidistant polar 
projection. These two maps are the ones 
that have been used for years in our school 
geographies. I heartily support Admiral 
Bryan. In fact, I might go even a step 
further toward simplicity and substitute for 
the Mercator map an equidistant cylindrical 
projection. This projection and the corre¬ 
sponding equidistant polar projection can be 
laid out by any student with a ruler and 
compass. These are the simplest and most 
easily understood of all projections. 

In the same month Admiral Bryan pub¬ 
lished a most illuminating, interesting, and 
well-illustrated article on the wartime work 
of the Hydrographic Office of the U. S. 
Navy, in The Military Engineer. To this 
article I am indebted for some of the infor¬ 
mation presented here. 



SOME INSECT INFANTS 

By ALVAH PETERSON 


Man lias frequent and varied experiences 
with insects. These contacts, by sense of 
sight, hearing, touch, or smell, are most fre¬ 
quent during the warm season of the year. 
If the six-legged creatures, commonly called 
bugs, possess well-developed wings, they are 
adults. If they are wingless or possess wing 
pads, they are apt to be immature stages, 
some of which may be wormlike. 

All insects come from eggs; the vast ma¬ 
jority, however, come from eggs deposited by 
the female, while a few develop within the 
body of the female and are born alive. Adult 
insects never produce winged adults directly. 
In other words, big flies never give birth to 
small flies, nor do small adult flies increase in 
size and become larger flies. When ail insect 
i-eaches the adult stage it undergoes no 
marked change in size or form. All newly 
hatched or newly born insect infants may be 
placed into one of two categories. They are 
nymphs or larvae. If they are nymphs (some 
species are called naiads) they resemble the 
adult in form, and their feeding habits and 
habitat are apt to be the same as those of the 
parents. Some of the common insects pos¬ 
sessing nymphs, which gradually develop 
into adults, are grasshoppers, cockroaches, 
crickets, termites, aphids, leafhoppers, thrips, 
plant bugs, earwigs, and sucking lice. If 
they are larvae they are apt to have little or 
no resemblance to the adult. Their feeding 
habits may be very different also, and they 
may live in an environment far removed 
from that of the parents. Some of the com¬ 
mon names applied to larvae are worms, 
caterpillars, grubs, borers, maggots, and 
wrigglers. The following are some of the 
common insects that possess larvae: all moths, 
butterflies, beetles, weevils, curculios, flies, 
mosquitoes, gnats, sawflies, hornets, ants, and 
fleas. 

This article is restricted largely to a gen¬ 
eral discussion and illustration of insect 
larvae. Following an introduction and the 
presentation of information on collecting, a 
number of common species and a few un¬ 
usual forms fohnd in North America are dis¬ 


cussed. The general groupings (orders) 
include the larvae of moths and butterflies, 
beetles, two-winged flies, fleas, four-mem- 
branous-winged forms, and nerve-winged in¬ 
sects. The common names used for the vari¬ 
ous groups and species are, for the most part, 
those found in the list of approved common 
names assembled by the American Association 
of Economic Entomologists, or in Comstock's 
Introduction to Entomology. The xuimber 
of species given for each order are close 
approximations of the number of species 
existing in the United States and Canada. 

All insect larvae during their postembry- 
onic development from the egg to a full- 
grown worm pass through several molts, 
commonly three to seven. The insect be¬ 
tween each molt is called an instar. Each 
larval instar may be very distinctive and 
differ greatly in form, detail of structure, 
and size from the preceding or following 
instar. This condition in a given species 
adds to the complexity of larval recognition. 
When the last larval instar has completed its 
feeding and is full grown, it may spin a 
cocoon or prepare a cell and then assume a 
prepupal condition in which it becomes quies¬ 
cent, consumes no food, and contracts its 
length somewhat. The prepupa usually 
sheds its outside skin and then a true pupa 
appears. In many species the pupa resem¬ 
bles a mummified adult insect, possessing all 
the adult appendages within cases held close 
to the body. In most instances the pupa is 
also quiescent and consumes no food. Pupae 
of some aquatic flies, namely mosquitoes and 
midges, are exceptions in that they are con¬ 
siderably active. Internally the tissues of 
the pupa undergo a complete reorganization 
and produce an adult male or female. Even¬ 
tually the adult insect within exerts pressure 
along the back, splits the pupal shell length¬ 
wise, and emerges as a helpless soft-bodied 
creature. It immediately inflates its wings. 
As soon as the wings, legs, and body covering 
(exoskeleton) harden, the insect is ready to 
fly or crawl away and carry on the chief 
function of its adult life—reproduction. 
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CATERPILLARS OF MOTHS AND BUTTERFLIES (LEPIDQPTERA) 


1, HICKORY HORNED DEVIL, REGAL-MOTH CATERPILLAR ( Citheronla regalis (F.)); 2, CHAIN-SPOTTED GEOME¬ 
TER or measuring worm ( Cingilia catenaria (drury)); 3, imported cabbage worm ( Pieris rapae (l.)) * 
4, an edible delicacy in menico, Aegiale hesperiaris wlk.; 5, orange DOG CATERPILLAR ( Papilio 
cresphontes cram),* 6, bogus yucca moth (Prodoxus quinguepunctellus cham.) ; 7, cotton-square borer 
on bean plants ( Strymon melinus (hbn.)). figures 3, 5, and 7 are butterflies; others are moths. 






CATERPILLARS OF MOTHS (LEPILOPTERA) 

AN ORNATE FALSE MEASURING 'WORM (SttdCLriophora dCUtalis WLK.) 9, AN ORNATE NYMPHALID CATER¬ 
PILLAR on figs IN Florida {Athena petreus cram) ; 10, tobacco hornworm ( Protoparce sexta (JOHAN .)); 
.1, POISONOUS SADDLEBACK CATERPILLAR ( SiMne stimulea (CLEM.)); 12, AQUATIC WEB-SPINNING PYRALID 
[Cataclysta fulicalis clem.) ; 13, hag-moth caterpillar on apple (Phobetron pithecium (a.&s.)). 
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Such is the life cycle of all insects possess¬ 
ing larvae. Briefly stated, all species pass 
throng'll an egg, larva, pupa, and adult stage. 
These insects are said to undergo complete 
metamorphosis in contrast to nymphs which 
undergo incomplete, gradual, or no meta¬ 
morphosis. 

Some of the most remarkable transforma¬ 
tions to be found in nature occur among 
insects that undergo complete metamor¬ 
phosis. Unfortunately most of these marvels 
are never seen by the average person, because 
most insects are too small to be observed in 
detail by the naked eye. If insect larvae 
were ten to many times their present size, the 
average person would be more apt to note 
some of the wonders of the insect world. 
Fortunately today excellent hand lenses and 
binocular microscopes are available. A good 
pocket hand lens, magnifying approximately 
ten diameters, would bring to any child or 
adult an awareness of these unusual insect 
phenomena, which are to be found every¬ 
where about us. 

Many species of insects are, during their 
larval development, most destructive or only 
destructive to plants, food, clothing, or farm 
animals. This is true of many or all insect 
pests among beetles, moths, butterflies, flies, 
and sawflies. Many farmers and food pro¬ 
ducers know only the destructive larval stage 
of certain pests. They may never have seen 
the eggs, pupae, or adults. For example, 
intelligent fruit growers readily recognize 
the larvae of the codling moth or the apple 
maggot in their apples, also the worm stage 
of the oriental fruit moth or the plum cur- 
culio in their peaches, bnt may not know the 
parents of these pests. "Wheat farmers know 
the maggot, or puparium, of the Hessian fly 
in their wheat, and yet few farmers or ento¬ 
mologists have ever seen living specimens of 
the tiny fly which deposits its eggs on the 
wheat. The same can be said for cattlemen 
who recognize the cattle grubs (Fig. 42) 
under the hide of cattle or the. screwworm 
maggots (Fig. 39) in open sores on the body 
of their stock but do not know the adult flies 
responsible for the infections. 

A recent census of insects shows that there 
are 79,840 recognized species in North Amer¬ 
ica north of Mexico. An analysis of the fig¬ 


ures given for the various orders reveals that 
68,900 species belong to orders that possess 
larvae. Briefly stated, at least 85 per cent of 
all insects in North America pass through 
a larval stage in their development. Further 
analysis of insect pests that attack apple, 
corn, cotton, shade trees, and other plants 
of. value to man shows that 50 to 60 per cent 
of all plant pests in the Temperate Zone are 
destructive as larvae. This situation, recog¬ 
nized by most entomologists, makes it im¬ 
perative that a professional economic ento¬ 
mologist be able to recognize many pests in 
the larval stage. Control measures for a 
particular pest, on plants in many cases are 
very specific and applicable only against 
larvae. If an entomologist had to depend 
upon the determination of a given destruc¬ 
tive larva from an expert some distance away 
or if he attempted to rear the larva to ma¬ 
turity in order to recognize the species before 
applying the control measures, it might he 
too late to save the crop. 

One of the most striking examples today 
of the value of larval recognition is associ¬ 
ated with mosquito control. In our armed 
forces competent entomologists are playing 
an important role in the fight against insect- 
borne diseases, particularly malaria and yel¬ 
low fever. They can do this thoroughly be¬ 
cause they know the species of mosquitoes. 
It is well established that certain species of 
anopheline mosquitoes transmit specific ma¬ 
larial organisms to man. To control malaria 
it is necessary to control the breeding areas 
of the dangerous species. To determine the 
breeding areas the species of larvae living in 
the water must be recognized. When breed¬ 
ing areas of specific anopheline larvae are 
spotted, then proper control measures for 
killing the larvae or the prevention of 
further breeding may be put into operation. 

Another example of the importance of 
recognizing insect species in the larval stages 
is associated with the quarantine, inspection 
of all plants and plant and animal products 
entering this country. Many foreign plants 
or plant and animal products entering this 
country possess larvae of undesirable species. 
These larvae must be recognized by compe¬ 
tent entomologists in order that important 
exotic pests may he* prevented from gaining 
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a foothold in the United States. Too many 
foreign species have already established 
themselves here, and they are costing us mil¬ 
lions of dollars every year. Most of the 
undesirable established species entered this 
continent before we had rigid and competent 
quarantine inspection. In many cases these 
exotic species must have entered as eggs, 
larvae, or pupae. 

Entomologists in general recognize more 
species of insects in their adult stage than 
in their immature stages. No attempt will 
be made to discuss the reasons for this; how¬ 
ever, the following statements will explain 
partially this situation. All scientific names 
of insects are based on the characters of the 
adult male and female. For many years, and 
to a limited extent today, entomologists have 
assembled large collections of adult insects. 
Very few entomologists in the past or today, 
however, collect insect infants. The ease 
with which one may collect, kill, and pin 
adults accounts in considerable measure for 
the large and beautiful collections of moths, 
beetles, flies, true bugs, etc., made by ama¬ 
teurs and professionals during the past 50 to 
75 years. The situation is different for most 
immature stages, especially larvae. Larvae 
in many cases are difficult to locate and col¬ 
lect. They cannot be killed satisfactorily 
in a cyanide jar; furthermore, they shrivel 
and turn black if pinned for preservation. 

Larvae are usually killed in hot water or 
in one of several chemical solutions at room 
temperature in order to retain the normal 
form. One of the, most satisfactory killing 
solutions is a mixture of kerosene (1 part), 
ethyl alcohol (10 parts) and acetic acid (2 
parts). After the larva is dead and com¬ 
pletely distended, it is usually preserved in 
80 to 95 per cent ethyl alcohol. Since alcohol 
evaporates slowly in a corked bottle, special 
precautions have to be taken to prevent 
evaporation and the deterioration of a wet 
collection. The killing methods mentioned 
above usually destroy the bright colors of 
many larvae, especially the greens, yellows, 
or oranges, of caterpillars. To preserve color 
a, larva must be inflated and dried. To do 
this the caterpillar or larva is killed in a 
cyanide bottle and immediately the alimen¬ 


tary tract is severed at the anal end. All the 
liquid and internal contents are removed by 
pressure. After the specimen is completely 
empty, deflated, and flattened, a small glass 
tube connected with an air line is inserted 
into the anal end and tied in position. A 
very low pressure of air is then employed to 
inflate the larva again to normal size. The 
inflated moist larva is held in a warm drying 
chamber until the outer shell is completely 
dried and hardened. Then the glass tube is 
carefully removed, and a mounting plug 
located on a pin is inserted and glued to the 
anal end if so desired. When this process is 
completed the result is an inflated specimen 
usually of normal size with all its hairs, 
spines, and original color intact. These in¬ 
flated specimens, if properly prepared and 
mounted, produce a beautiful display of life¬ 
like larvae. The outstanding objection to an 
inflated collection is the fact that the speci¬ 
mens are exceedingly fragile and have to be 
handled with extreme care. 

Larvae of most moths, butterflies, and 
skippers (Lepidoptera) are called caterpil¬ 
lars. Figures 1-13 illustrate some of the 
common and unusual species. Caterpillars 
resemble one another more closely than do 
the larvae of beetles or flies. Full-grown 
caterpillars may be 5 inches long (,regal-moth 
larvae, Fig. 1), while others may be less than 
one-eighth inch when full grown (many leaf- 
mining* species). Many common caterpillars 
are 1 to 2 inches long. Practically all species 
are terrestrial in habits; a few pyralids (Fig. 
12), however, live in water on stones or 
submerged vegetation. The food of most 
caterpillars is plant tissue. The majority of 
species feed on foliage, stems, roots, buds, 
blossom, or fruit, while some species bore 
within stems, buds, fruit, or roots of plants* 
A number of species live on plant products, 
a few on animal products, while a small 
number are predacious on other insects. 

In the United States and Canada there are 
more than 10,000 described species of moths, 
butterflies, and skippers. The larval stages 
and habits of many of these are unknown or 
have never been described. Most caterpillars 
are wormlike, elongated, segmented, and 
cylindrical in shape (Fig. 3). Each pos- 
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AQUATIC LARVAE OP BEETLES (COLEOPTERA) 

14, PREDACIOUS DIVING-BEETLE LARVA (COptOtOTtlUS SP.) ; 15, HALIPLID-BEETLE LARVA (PeltOdytCS SP.) 

16, water-soavenger-beetle larva (Hydrous triangularis (SAT) ) ; 17, A DEEP-WATER Donacia LARVA; 
18, water-penny (Psephenus lecontei (leg.)); 19, whirligig-beetle larija (Dinetites sp.). 
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TERRESTRIAL LARYAE OF BEETLES (COLEOPTERA) 

20, sand wireworm ( JSoristonotus uhlerii horn); 21, cotton-boll-weevil larva ( Anthonomus gran - 
dis BOH.); 22, JAPANESE-BEETLE GRUB ( Popillia j aponica NEWM.) J 23, MEXICAN BEAN-BEETLE LARVA 
(Epilachna varivestis muls.) ; 24, plat-headed apple-tree borer (Chryso'bothris femorata (oliv.) ; 
25, tortoise-beetle larva on nightshade Plants (Cassida nibiginosa mull.) ; 26, carpet-beetle 
larva { Anthtenus verbasd (L.) ); 27, gypsy-moth carabid predator (Calosoma sycophant a L.). 
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sesses a distinct, firmly constructed head bear¬ 
ing chewing* mouth parts, a spinneret, and a 
crescent-shaped group of four to six simple 
eyes on each side. Immediately back of the 
head the segmented thorax usually bears 
three pairs of jointed legs. The remainder 
of the body comprises the abdomen, consist¬ 
ing of ten segments usually bearing five pairs 
of fleshy prolegs on segments 3, 4, 5, 6, and 

10. Minute grasping hooks are usually pres¬ 
ent on the prolegs. Breathing pores (spira¬ 
cles) usually occur on the first segment back 
of the head and also on each of the first eight 
abdominal segments. The head and body 
may be naked (tomato or tobacco born worm, 
Fig. 10), that is, without numerous promi¬ 
nent hairs, or the head and body may be 
profusely covered with numerous scattered 
or bunched short or long hairs or spines 
(woolly-bear, mourning-cloak, or hag-moth 
caterpillars). Some caterpillars possess 
hairs or spines that are distinctly poisonous 
to man if they come in contact with the skin 
or are inhaled (saddleback caterpillar, Fig. 

11, io moth, or browntail moth). 

Most caterpillars spin a silken thread. The 
silk comes from long, smooth, tortuous, tube¬ 
like glands located on the inner surface of 
the body wall near the spiracles and extend 
the entire length of the body. These glands 
are seen readily in dissected specimens espe¬ 
cially if the larva has been killed in the mix¬ 
ture described above. The glands force their 
semifluid secretions forward through a single 
tiny nozzlelike spinneret located on the lower 
lip of the mouth parts. Upon exposure to 
air the soft secretion hardens and produces a 
strong silk fiber. The silk thread is used by 
caterpillars for various purposes. Most ter¬ 
restrial caterpillars feeding on plants or 
plant products spin a continuous silk line 
wherever they crawl. By attaching this 
thread to the surface over which they crawl 
they use it as a safety line in case the larva 
loses its foothold. This may be observed 
readily in the case of the cankerworms. If 
one jars a branch on which cankerworms are 
feeding, many of the larvae will fall from 
the leaves and each will suspend itself in 
midair by a silken thread. The silken thread 
may serve also as a guide line for a larva 
crawling over plants. When walnut cater¬ 


pillars crawl down the side of a tree to 
undergo a molting period the individuals of 
the next instar will return to the upper part 
of the tree along the line of silken threads 
deposited by the larvae going down the tree. 
Silk is used by larvae also in the construc¬ 
tion of portable bags or cases about the body, 
especially among bagworms, casebearers, etc. 
The most common use of silk by caterpillars 
is in the construction of a cocoon or silken 
chamber about the full-grown larva in prepa¬ 
ration for the pupal stage. For many cen¬ 
turies man has derived natural silk from the 
cocoon of the common silkworm. The full- 
grown silkworm after it completes its last 
meal on mulberry foliage spins a light cream- 
colored cocoon about its body. This cocoon 
consists of a continuous silken fiber when 
•completed. The end of this fiber is located 
and then it is carefully unwound. It takes 
several fibers to construct a single silk thread. 

A few examples of the many interesting 
and unusual habits and forms which occur 
among caterpillars might be mentioned. 
Some species (larvae of swallowtails, Fig. 
5) possess protrusile, fingerlike glands back 
of the head which emerge and secrete re})el- 
lent odors when the larva is disturbed. 
Other larvae (cutworms) if disturbed will 
curl up and remain in this position for a 
prolonged period of time. Some species if 
touched undergo violent contortions (many 
leaf rollers), while others may become very 
rigid (some measuring worms or notodon- 
tids). Leaf-feeding larvae, especially the 
late instars, consume great quantities of food. 
The large quantity of excrement in the form 
of pellets under a tree is mute evidence of 
the amount of foliage consumed even when 
the number of individuals is not excessive. 
Some larvae (oriental fruit moth, etc.) 
possess a forklike structure above the anus 
which is used to flip feces away from the 
body as soou as they appear. Other cater¬ 
pillars are legless, a good example being the 
larva of the bogus yucca moth (Fig. 6). 
Some species possess unusually ornate struc¬ 
tures ; see Figures 8, 9,11, and 13. In Mexico 
a large white megathymid larva found in the 
leaves of the maguey, or century plant, is 
used as human food. This delicacy is usually 
fried in a vegetable or animal fat, and; the 
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AQUATIC LABVAE OF TWO-WINGED FLIES (DI'PTEBA) 

28, A threadlike midge larva ( Probes&ia sp.) ; 29, rat-tailed maggot (JEristaUs sp.) ; 30, common 
midge larva (GMronoims sp.) 5 31, black-fly larva (Simulium vitiatum zett.) ; 32, soldier-fly 
larva ( Stratiomyiulae ); 33, black horsefly or tabanid larva (Tabanus atralus fab.); 34, giant 
crane-fly LARVA (Tipula abdominalis say); 35, snipe-fly larva (Athcrix varicgata wlk.) ; 36, com¬ 
mon mosquito wriggler (Aecles SP.) ; 37, net-winged midge larva (Agathon canadensis GARRETT). 
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flavor of the cooked caterpillar is somewhat 
similar to that of potato chips. The pre¬ 
pared product may be purchased in tin cans 
under the name “Qusanos de Maguey 
Fritos.” 

There is no common name for beetle (Cole- 
optera) larvae comparable to caterpillars, 
the name applied to the larvae of most moths 
and butterflies. In some cases the larvae of 
beetles are called grubs, worms, or borers; 
more specifically they may be referred to as 
white grubs, wire worms, rootworms, glow¬ 
worms, round-headed borers, flat-headed 
borers, etc. A greater diversification in form 
occurs among beetle larvae than among cater¬ 
pillars. Figures 14-27 illustrate some of the 
common and unusual species. So-called 
grubs, typical of several families especially 
the scarabs, are described as C- or U-shaped 
(Fig. 22) and resemble a round douglmut 
with a bite taken from one portion. Cres¬ 
cent-shaped larvae (Fig. 21) with both ends 
somewhat pointed are common for many 
curculionids and weevils. Other beetle 
larvae are straight, elongated, and cylindri¬ 
cal. These may be very slender (sand wire- 
worms, Fig. 20) or plump (eyed elater 
larvae). Some aquatic species may be flat¬ 
tened and disklike (water-penny, Fig.. 18), 
while others are elongated and spindle- 
shaped (water-scavenger, Fig. 16). Practi¬ 
cally all coleopterous larvae are naked except 
for numerous microscopic hairs on some 
species. Exceptions may be found among 
species of dermestids (Fig. 26), Mexican 
bean beetle (Fig. 23), tortoise beetle (Fig. 
25), and aquatic species (Fig. 15). 

Full-grown beetle larvae rarely exceed 3 
inches in length, while many very small, 
less than one-eighth inch long. In general, 
the species are smaller than most caterpillars. 
In the United States and Canada more than 
25,000 species of beetles have been found. 
The immature stages of many are unknown 
or have not been described. All beetle larvae 
possess a distinct, firmly constructed head 
with chewing mouthparts. Simple eyes, if 
present, are never crescentlike in their ar¬ 
rangement, nor are spinnerets ever present 
on the head. The thorax immediately hack 
of the head usually possesses three pairs of 
jointed legs. These may be absent among 


larvae of the curculios, flat-headed borers, 
etc. The abdomen consists of eight to ten 
segments which possess no prolegs except on 
the last segment in a few species. Breathing 
pores (spiracles) are usually present among 
terrestrial species on the second thoracic seg¬ 
ment and on the first eight abdominal seg¬ 
ments. 

Beetle larvae are largely terrestrial; how¬ 
ever, there are a few families in which most 
of the larvae live in water. The common 
names of some are diving beetles, water- 
scavengers, whirligigs, and water-penny. 
Many of the terrestrial larvae live in soil and 
feed on grass roots and rootstocks. Some 
good examples are grubs of the Japanese 
beetle (Fig. 22), green June bugs, and May 
beetles. Wire worms (Fig. 20) are also com¬ 
monly found in the soil and may be very 
destructive to potatoes, newly planted corn, 
and beans. Larvae of beetles feed on a more 
diversified list of products than caterpillars. 
In addition to the many species that live on 
or within living plants or plant products 
(wood, prepared food, etc.), the species of a 
large number of terrestrial and aquatic 
forms are strictly predacious, feeding on 
other insects or aquatic life, such as snails, 
small fishes, and crustaceans. Some of our 
most beneficial larvae, namely, those of the 
ladybird beetles and many ground beetles 
(carabids, Fig. 27), consume great quanti¬ 
ties of destructive insects. In many local 
situations they completely control insect out¬ 
breaks. Other species of beetle larvae are 
strictly scavengers, living in or on dead or 
decaying animal and plant tissue. Some of 
these are larvae of carrion beetles, rove 
beetles, and dermestids. Some dermestids 
will consume all the muscle and other tissues 
attached to vertebrate bones but do not eat 
the bone itself; consequently, some museums 
have used dermestids in preparing skeletons 
for display. Some beetle larvae obtain all 
their sustenance from living or dead fungi. 

Beetle larvae also have unusual and inter¬ 
esting habits. A few will be mentioned. 
Among aquatic species the larvae of diving 
beetles (Fig. 14), water-scavengers (Fig. 
16), and whirligig beetles (Fig. 19) are pre¬ 
dacious on other aquatic insects and animal 
life. The Donacia larvae (Fig. 17) live in 
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deep water with their spiracular spurs (sp. 
spurs) inserted into the basal portion of 
stems of large water plants (water lilies, 
etc.) from which they obtain their oxygen 
supply. Water-penny larvae (Fig. 18) are 
found on stones usually in running water. 
The illustrated small delicate haliplid larva 
(Fig*. 15) lives among filamentous algae in 
shallow water. Among terrestrial species 
some of the tortoise-beetle larvae (Fig. 25) 
carry their cast skins and feces on their 
backs. Many beetle larvae live in wood. 
Some buprestids live in the cambium layer 
of trees, a good example being the flat-lieaded 
apple-tree borer (Fig. 24). Some wood-bor¬ 
ing beetle larvae may live in wood for many 
years before they emerge as adults. For 
example, a dining-room table made of white 
oak produced a eerambycid adult eight years 
after it was purchased from a furniture 
store. Scolytid larvae produce unusual en¬ 
gravings in the hard wood under bark of 
many trees. Other larvae (powder-post 
beetle) live in dry, hard wood and are very 
destructive to lumber, especially wood used 
in the construction of such tools as hammers, 
axes, shovels, and gunstocks. One of the 
most unusual beetles is that of the lead-cable 
borer whose larvae breed in dead wood, while 
the adults frequently bore holes in aerial lead 
telephone cables, producing short circuits. 

As we come to the discussion of the larvae 
of two-winged flies, such as mosquitoes, 
midges, and gnats (Diptera), again we find 
there is no common name for this group of 
larvae. Among the more specialized fami¬ 
lies, which include primarily species that are 
nonaquatic, the larvae are called maggots or 
worms, while among the more generalized 
and primitive species, which for the most 
part live in water, some of the larvae are 
called wrigglers. The larvae of various spe¬ 
cies of flies probably show a more decided 
variation in structure than any other order 
of insects. Figures 28-45 illustrate some of 
the common and unusual aquatic and ter¬ 
restrial species. The greatest diversification 
in form occurs among aquatic species. Full- 
grown larvae of some aquatic species (crane 
flies, Fig. 34, and horse, or tabanid, flies, Fig. 
33) may be 2 inches long. All these are fre¬ 
quently used as fish bait. They are the larg¬ 
est fly larvae we know, while the smallest 


full-grown forms are terrestrial species and 
approximate one-sixteenth inch Jong. In 
general most fly larvae are one-fourth to one- 
half inch long. 

In the United States and Canada approxi¬ 
mately 15,000 species of flies have been 
found. The larvae of very many are un¬ 
known or undeseribed. Many more larvae 
of two-winged flies live in an aquatic en¬ 
vironment than do larvae of the moths or 
beetlesj in fact, close to 50 per cent of all 
flies spend their larval development in water, 
and many of the remaining species are sub¬ 
merged in semiliquid foods such as sap, fresh 
and decayed fruits, moist plant tissue, gar¬ 
bage, excrement, and blood. 

One cannot present a general description 
for larvae of flies which will include most 
forms. The only character true to all species 
is the total absence of jointed legs. Prolegs 
also are usually absent, snipe-fly larvae (Fig. 
35) being an exception. Also, aisingle or 
bifurcate appendage or proleg may occur on 
the first segment back of the bead or at the 
tail end among a few aquatic species (Figs. 
30 and 31). Swellings, enlargements, or 
roughened areas on the various segments, if 
present, help the larvae or maggots to crawl 
on or through the food they frequent. Many 
species of flv larvae are very smooth, naked, 
and without prominent structures which 
might serve in locomotion. Very few species 
possess hairs, spines, or scales. Some of the 
exceptions are the spiny larvae of the little 
house fly and the latrine fly (Fig. 43). 
Among many aquatic species, including some 
of the most primitive families, the larvae 
usually possess a distinct head (Figs. 30, 31, 
and 36) with chewing mouthparts or jaws 
that move from side to side. The larvae of 
more specialized flies (Figs. 38-44), mostly 
nonaquatic species, have no distinct bead. 
The head end is pointed and usually pos¬ 
sesses a pair of deeurved, dark-colored mouth 
hooks which move up and down, not side¬ 
ways. The mouth books serve as a rasping 
organ in feeding and also help to pull the 
larva through the moist medium it frequents. 
Breathing pores on a few terrestrial larvae 
are numerous and located on the prothorax 
and several abdominal segments. Among 
mpst aquatic species functional breathing 
pores are absent. Oxygen is obtained by 
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LAKVAE OF TWO-WING-ED FLIES (DIP TEE A) AND A FDEA DAS^A (SIFHONAFTEBA) 


38, common housefly maggot (Musca domestica l.) ; 39, screwworm of; 
mym americana a; & p.) j 1 40, syrphus larva i ( Baocha clavata fab.)j 41, cheese 
mmi l.)j 42, common cattle GRUB or ax warble ( Hypoderma Imeatum (be vil)); 43, latrine-ply 
/(.3eA^ >' > : HORSE botply larva (Gasterophtim wdmtmaMs (beo.) ) ; 45^ dog- 
flea larva emis (curt.)), a'Tiny, slender, white '^Orh 1 , A 
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LARVAE OF SAWFLIES, BEES, ETC. (HYMENOPTERA) 

46, PIGEON TREMEX, A WOOD-BORING HORN TAIL LARVA (Tremex COlumba (L.) ) ; 47, WILLOW-SHOOT SAWFLY 
larva (Janus abbreviatus (say)); 48, will-cherry web-spinning sawfly larva (Neurotoma fasciata 
NORT.) ; 49, REL-EEALEL PINE OR Le CONTE SAWFLY LARVA . (N 60 diprion Ucontei (FITCH)); 50, PEAR 
slug (Caliora cerasi (l.)); 51, newly hatched Macroeentrus parasite op the oriental fruit moth; 
52, FULL-GROWN LARVA OP THE SAME PARASITE; 53, FULL-GROWN HONEY-BEE LARVA (ApiS mellif&ra L.). 
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tracheal gills or through the exoskeleton. 
Most of the maggots of the common flies with 
terrestrial habits have two pairs of breathing 
pores, an inconspicuous pair on the pro¬ 
thorax and a fairly conspicuous pigmented 
pair on the vertical face of the last segment 
(Fig. 42). Other species may possess only 
one of these pairs or none. 

The food of the many species of fly larvae 
is highly variable. Among aquatic forms the 
larvae feed on living or dead plant tissue and 
on microscopic organisms, or they may be 
predacious, living on other insects and small 
arthropods. Among terrestrial forms many 
species feed within or on leaves, fruits, buds, 
stems, or roots of living plants. Some of 
these species produce marked malformations 
in plant tissue, commonly called galls. Many 
fly maggots are scavengers (Figs. 38 and 43), 
commonly found in all kinds of decayed 
plant tissue and also in the bodies of dead 
animals (blowflies, etc.). They also live in 
the excrement of various mammals (house 
flies, Fig. 38). Some species are parasitic on 
mammals, living in the wounds of cattle 
(screwworms, Fig. 39), while others com¬ 
plete their development in the intestinal 
tract (horse botflies, Fig. 44), or under the 
hide (common or northern cattle grubs, Fig. 
42), or within the nostrils and head (sheep 
botfly) of domestic stock. Some maggots 
(tachinids) are beneficial to man because they 
live as internal parasites in larval and adult 
stages of many insect pests, and before they 
complete their development in the host they 
infest, the pest is killed. Other beneficial fly 
larvae (syrphus flies) are predacious and 
consume many plant lice and other insects. 
Dipterous larvae are commonly found also in 
nature in various kinds of fungi. One of the 
problems a mushroom producer faces is how 
to prevent certain fungus-loving* flies from 
gaining entrance to his mushroom beds. 
Maggots are commonly found in a goodly 
number of preserved and prepared food 
products. A common example is the cheese 
skipper (Fig. 41) found in cheese or smoked 
ham or the blueberry maggot in preserved 
blueberries. Many eggs and tiny maggots 
may be present in our prepared and pre¬ 
served fruits and foods. All of us have eaten 
unknowingly much insect-infested food with¬ 


out any ill effects. Perhaps the old adage 
“what we don’t know won’t hurt us” has 
some semblance of truth in it. 

Fly larvae possess some unusual habits. 
For example, a species of Miastor, a tiny 
midge, appears to contradict a previous 
statement that all insects come from eggs or 
adults. Larvae of Miastor are able to repro¬ 
duce themselves. Each tiny larva when full 
grown may have its body filled with many 
still smaller larvae. These eventually emerge, 
increase in size, and finally produce normal 
adult flies. Miastor larvae, when found 
under moist bark of fallen trees, may be 
present in dense sheetlike masses made up of 
thousands of individuals. Reproduction 
(paedogenesis) in the larval stage is an un¬ 
usual phenomena for insects. Tiny moth-fly 
adults capable of penetrating average win¬ 
dow and door screens may come from larvae 
living in the film of organic life about the 
stones of sewage filter beds. At times the 
flies emerging from these beds become so 
numerous that they are a distinct nuisance 
to anyone living near a sewage disposal 
plant. Black-fly larvae (Fig. 31) are inter¬ 
esting because they are found only in great 
numbers in swiftly running shallow water 
attached to stones, debris, and submerged 
vegetation. In spring they construct cone- 
shaped cocoons where the larvae are located, 
change to pupae, and emerge as adults in 
May or June. If you have ever been in the 
woods in Canada or the Northern United 
States where and when one or more biting 
species of black flies are abundant, you will 
always remember the harrowing experience. 
Other fly larvae living on or under stones in 
swiftly moving water are snipe-fly larvae 
(Fig. 35) and net-winged midge larvae (Fig. 
37). Mosquito larvae (Fig. 36) and rat¬ 
tailed maggots producing syrphus flies (Fig. 
29) breathe through an elongated tube which 
they project through the surface film, while 
soldier-fly larvae (Fig. 32), aquatic crane-fly 
larvae (Fig. 34), tabanid larvae (Fig. 33), 
and others breathe through spiracles located 
at the anal end which they project also above 
the surface film. Some aquatic larvae pos¬ 
sess tracheal gills for breathing (Figs. 30 
and 37). 

If you possess a dog or cat infested with 



440 


THE SCIENTIFIC MONTHLY 


fleas you may not be aware of the fact that 
the immature growing stage of a flea is a 
larva. Fleas belong to the group of insects 
known as Siphonaptera, of which there are 
260 species in the United States and Canada. 
Dog or cat flea larvae (Fig. 45) are usually 
found in or near the place where the house 
pet sleeps. A dog or cat flea larva is a tiny, 
slender, white worm with a distinct head. If 
examined under a microscope, a few long 
scattered hairs are seen on the several seg¬ 
ments. The larva lives in and feeds upon 
cast-off animal debris and has no contact 
with the cat or dog. Eggs deposited by the 
adult fleas produce larvae. When the larvae 
are full grown they transform into light- 
colored, flattened (compressed) pupae which 
resemble mummified fleas. Previous to the 
emergence of the adult the general color of 
the pupa is very much like that of the dark 
adult. The time required for the completion 
of a life cycle depends largely upon the tem¬ 
perature of -the environment. If the tem¬ 
perature average is low it may take six 
months or longer for a life cycle. 

Some of the larvae of another large group 
of insects (Hymenoptera; 16,700 species), 
possessing four membranous wings, are illus¬ 
trated in Figures 46-53. This order contains 
groups commonly referred to as sawflies, 
horntails, parasitic wasps, hornets, bees, 
velvet ants, ants, etc. Many of the larvae 
of the Hymenoptera live in nests or in cells 
constructed by the adults for their protec¬ 
tion. Others are parasites living in or on 
various insects or other arthropods. The 
sawflies and closely related forms resemble 
many terrestrial insect larvae in that they 
feed on or within plants. Many typical saw- 
flies (Fig. 49) resemble caterpillars in form 
and also feed on foliage; others are leaf 
miners or produce plant galls. Stem sawflies 
(Fig. 47) bore into the stems of plants or in 
tender shoots of trees and shrubs. False 
sawflies (Fig. 48), usually referred to as 
pamphilids or web-spinning or leaf-rolling 
sawflies, feed on foliage of trees and shrubs. 
They spin webs over the leaves or they roll 
over a portion of one leaf. These larvae are 
without prolegs but possess a pair of sharp- 
pointed subanal prongs. Horntail larvae 
(Fig. 46) bore within the trunks of many 
fruit and hardwood trees. They are legless, 


nearly white, cylindrical, elongated, and may 
possess a pointed anal segment. 

Typical sawfiy larvae (Fig. 49) super¬ 
ficially resemble true caterpillars in struc¬ 
ture, yet most species are readily distin¬ 
guished. By means of a hand lens a fairly 
conspicuous single, simple eye may be seen 
on each side of the head in contrast to a 
crescent-shaped distribution of four to six 
simple eyes typical of true caterpillars. 
Also, seven or more pairs of fleshy prolegs 
without hooks are usually present on abdo¬ 
minal segments 2 to 7 and 10 in contrast to 
five pairs of prolegs with hooks on segments 
3 to 6 and 10, which are typical of most true 
caterpillars. 

The larvae of nonplant-feeding species, 
where the adults prepare the nests and cells 
and also provide food for the development 
of the larvae, are usually fleshy grubs (Fig. 
53) resembling fat curculio larvae. Many 
species do not possess a well-defined, conspicu¬ 
ous head. The mouthparts may be reduced 
to two opposable sharp jaws or fleshy lobes. 
These larvae are saclike, sometimes faintly 
segmented, and possess a mouth opening at 
one end and an anus at the opposite end. 
Inconspicuous breathing pores are usually 
present on most segments. The larvae of the 
numerous parasitic species may vary con¬ 
siderably in their first instar, which hatches 
directly from the egg. They may have a 
distinct head (Fig. 51) with opposable sharp 
jaws, special body structures used in loco¬ 
motion, and a characteristic shape. Most of 
these larvae when full grown after three to 
five instars undergo a decided change. They 
may have an indistinct head with the mouth- 
parts reduced to fleshy lobes. All organs of 
locomotion are lost and in general their shape 
may be elongated (Fig. 52) or resemble the 
legless saclike larva of a honey bee (Fig. 53). 

Some of the most unusual larvae occur 
among species that are parasitic on other 
insects. For example, the most important 
parasite of the codling moth of apples de¬ 
posits its eggs in the host egg. The parasite 
egg hatches and the first instar establishes 
itself in the host embryo. The host egg 
hatches and the parasite completes its devel¬ 
opment within or on the codling-moth larva. 
When the host larva is about one-half grown, 
the parasite larva emerges from the host and 
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LARVAE OF NERVE-WINGED INSECTS (NEUBOPT EBA ) 

54, HELLGRAMMITE OR DOBSON-FLY LARVA ONE-HALF GROWN (CorydaluS COmutUS L.) ; 55, SPONGILLA-FLY 
larva (Climacia sp.) ; 56, alder-ply larva (Sialis sp.) ; 57, ascalaphid larva (probably species 
op TJluodea ); 58, aphis-lion (Chrysopa nigricornis burmeister) j 59, ani-lion (Myrmeleon sp,). 
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completes the destruction of the host as an 
ectoparasite. It then spins a cocoon and 
eventually emerges as a tiny black wasp 
(Arcogaster carpocapsae). Other parasitic 
species may live their entire larval lives at¬ 
tached to the exterior of a beetle grub. Good 
examples of this habit are illustrated in the 
two most important introduced parasites of 
the Japanese beetle— Tiphia popilliavora and 
T. vemails . Many other fascinating and un¬ 
usual facts about larvae of parasitic species 
and other Hymenoptera could be presented. 

The larvae illustrated in Figures 54-59 
represent a few of the common and unusual 
species of nerve-winged insects (Neuroptera; 
275 species). The common names of these 
are hellgrammites or dobsons (larvae of 
Corydalus or fishflies), alder-fly larvae, 
spongilla-fly larvae, aphis-lions (lacewing-fly 
larvae), ant-lions, and ascalaphid larvae. 
Larvae of the first three (Figs. 54-56) live 
in water, while the remainder are terrestrial. 
All are predators feeding on insects or other 
animal life. Each possesses a distinct head 
bearing conspicuous mouthparts fitted for 
chewing or piercing and sucking. Hellgram¬ 
mites (Fig. 54) and alder-fly larvae (Fig. 
56) crush their prey by means of strong 
jaws, while the others have paired mouth- 
parts so constructed that the liquid contents 
of the crushed or pierced host may be sucked 
into the mouth of the predator. Hellgram- 
mite larvae live among rocks in swiftly mov¬ 
ing water. "When full grown they are 2 to 
3 inches long. They are much sought after 
by fishermen for bait. Alder-fly larvae may 
occur in shallow and almost stagnant water; 
however, some species are found in shallow 
portions of small fast-moving streams. The 
larvae of spongilla flies (Fig. 55) are very 
small, about one-eighth inch long. They also 
live on stones in swiftly moving water or 
along wave-swept rocky shores where fresh¬ 
water sponges are plentiful. By means of 


their long needlelike mouthparts they feed 
on the individual sponge organisms in a 
sponge colony. 

Chrysopa larvae or aphis-lions (Fig. 58) 
are common on plants infested with plant 
lice. They also feed on insect eggs and small 
larvae. Ant-lions (Fig. 59) construct pit- 
falls in sand or loose dry soil and conceal 
themselves in the bottom of cone-shaped de¬ 
pressions where they wait for prey, ants or 
other insects, to come along. "When an insect 
falls into the trap it is grabbed and consumed 
by the ant-lion. Ascalaphid larvae (Fig. 57) 
resemble ant-lions in their late instars; how¬ 
ever, they do not construct pitfalls. They 
wait in ambush on the ground or elsewhere 
until a likely host appears. Their bodies 
may be more or less covered with debris. 

Caddisflies (Trickoptera; 500 species), 
scorpion-flies (Mecoptera; 65 species), and 
other groups possessing larvae have not been 
discussed or illustrated in this article. 

The foregoing story is extremely fragmen¬ 
tary in view of the hundreds of fascinating 
species to be found within a stone’s throw to 
a few miles of almost any home. Perhaps 
however, it has awakened or stimulated your 
interest in insect infants, and you may wish 
to start a collection of your own. Armed 
with a collecting bag containing a few such 
common gadgets as forceps, a sturdy trowel, 
a large screw driver, a small hand ax, bottles 
and vials filled with killing solution and 
alcohol, and a few empty mailing tubes and 
tin pill boxes, anyone may sally forth and col¬ 
lect some of the species mentioned and many 
others every bit as interesting. If aquatic 
collecting is to be done one will need a sub¬ 
stantial aquatic dip net, several sturdy hand 
sieves, large white enameled trays, and one 
or more large metal buckets and glass jars. 

Note: All the accompanying drawings except Fig¬ 
ures 51 and 54 were made from full-grown larvae. 
ThG length of each larva is expressed in millimeters. 
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THE PROBLEMS WE FACE IN NUTRITION 


By FRANK G. BOUDREAU 


The nature and scope of the problems we 
face in nutrition in the postwar years and the 
role of science in solving them will all de¬ 
pend, to some extent, upon the kind of world 
organization that is set up by the United 
Nations. If the governments and peoples of 
the different countries are determined to 
make world organization a success, even if 
it entails some sacrifices on their part; if 
there is growing mutual confidence and a real 
desire on the part of the majority of govern¬ 
ments to organize peace as well as to prevent 
war, there will be practically no limit to the 
scope of science in promoting human welfare 
through nutrition. If, on the contrary, gov¬ 
ernments and peoples shrink from the sacri¬ 
fices necessary to cope with aggression, dis¬ 
trust one another and collaborate grudgingly 
in technical matters, we may look for less and 
less opportunity for science and scientists to 
perform a useful function, either nationally 
or in the world as a whole. 

The projected international organization 
for food and agriculture, referred to herein¬ 
after as the FAO, will, if successful, multiply 
the opportunities for science and for scien¬ 
tists who devote themselves to nutrition, food, 
and agriculture. And whether or not it is 
successful will depend in large measure on 
the use it makes of science and the extent to 
which it enlists the whole-hearted co-operation 
of scientists in these fields. While FAO must 
be intergovernmental in nature, I should like 
to see it rest upon the solid foundation of 
science and scientists as well as on the sup¬ 
port afforded by the peoples of the world for 
whose benefit it will attempt to apply nutri¬ 
tional and agricultural science. 

The first recommendation made by the Hot 
Springs Conference in regard to the machin¬ 
ery each government requires to achieve the 
aims of the Conference was that there should 
be in each country a national nutrition 
organization “composed of authorities in 
health, nutrition, economics and agriculture 
together with administrators and consumer’s 
representatives, etc., ” . . . and that it would 
be the duty of this organization to ascertain 


food consumption habits and the nutritional 
status of different sections of the population, 
in order to formulate and recommend to gov¬ 
ernments a sound food and nutrition policy. 
The aims of such a policy, according to the 
Conference, were progressive improvement 
of diets, the elimination of specific deficiency 
diseases and the achievement of good health. 
So that there should be no mistake concern¬ 
ing the kind of dietary improvement implied, 
the Conference declared that the measure of 
the extent to which food supplies should be 
increased, and of the character and extent 
of the dietary improvements is best provided 
by dietary standards or allowances based 
upon scientific evidence. Governments were 
asked to adopt, as the ultimate goal of their 
food and nutrition policy, dietary standards 
or allowances based upon scientific assess¬ 
ment of the amount and quality of food, in 
terms of nutrients which promote health. 

The significance of these recommendations 
is that they are based on international ex¬ 
perience. For it should be remembered that 
the international food movement first became 
an important force in the world when the 
Mixed Committee of the League of Nations 
published its final report in 1937. Nutri¬ 
tional and agricultural scientists had made 
immense progress in the advancement of our 
knowledge in these fields, but they had 
worked scientifically as well as administra¬ 
tively more or less in separate compartments. 
Brought together in the Mixed Committee 
and obliged to work with health authorities, 
economists, and administrators, they became 
convinced that this integrated approach was 
the only correct approach to the complex 
problem of nutrition. The Committee, there¬ 
fore, recommended that national nutrition 
committees should be set up in each country, 
believing that sound food and nutrition 
policy could only be formulated when eco¬ 
nomic and sodial action was co-ordinated with 
the advancement of nutritional science. A 
distinguished French scientist said to me re¬ 
cently, “Before the war we thought that we 
could leave politics to the politicians and 
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work undisturbed in our studies and labora¬ 
tories. The result was the fall of France. 
After the war scientists must sacrifice some 
of their time to public affairs. ” The organi¬ 
zation of national nutrition committees or 
councils, nationally as well as internation¬ 
ally, will give many scientists valuable op¬ 
portunities for public service. 

Let us imagine that we are members of a 
national nutrition organization or council 
set up by the government to carry out the 
recommendations of the Hot Springs Con¬ 
ference. We are at once confronted by the 
task of ascertaining food-consumption habits 
and the nutritional status of different sec¬ 
tions of the population. 

Food consumption habits are best ascer¬ 
tained by family dietary studies. When we 
come to make use of the data obtained in 
' these studies it is evident that some standard 
of reference is essential. Such a standard is 
provided by tables of so-called dietary stand¬ 
ards or allowances in terms of nutrients. 
The history of the attempts to formulate such 
dietary standards is a long one, epitomizing 
the long history of the science of human 
nutrition. The first standard referred to 
the amounts and kinds of foods necessary to 
prevent starvation, that is to maintain life 
<m the lowest possible level, among prisoners 
and the inmates of public institutions. Then 
the criterion of such standards became the 
prevention of recognizable deficiency states. 
Soon the progress of nutrition revealed that 
these deficiencies existed long before they 
could be recognized without the use of special 
methods. Moreover, experimentation began 
to reveal that animals which appeared nor¬ 
mal and healthy on a diet which prevented 
all recognizable signs of deficiency might be 
materially improved in health, size, and 
length of life by more generous allowances. 
The first standards to give due recognition to 
this fact were the so-called optimum stand¬ 
ards adopted by a committee of experts in 
nutrition set up by the League of Nations, in 
1936. Recent rapid advances in our knowl¬ 
edge of nutrition have made it necessary to 
revise upward the League’s dietary stand¬ 
ards, and at present the most widely used 
tables of dietary allowances are those of the 
Food and Nutrition Board of the National 


Research Council. All such standards have 
certain shortcomings due to gaps in our 
knowledge. The first shortcoming is that no 
such tables can take into account the infinite 
variability of human beings. Every indi¬ 
vidual differs from all other individuals, and 
this variability goes very deep ,* it is not re¬ 
stricted to age, weight, activity, color, and 
race. All we can expect of dietary allow¬ 
ances is that they will furnish indications of 
the amount and kind of nutrients required 
by individuals classified into larger or 
smaller groups according to the more impor¬ 
tant of these factors, such as age, degree of 
activity, pregnancy, lactation, etc. 

A more important shortcoming is that the 
evidence upon which these standards are 
based is incomplete and that it is derived 
chiefly from animal experimentation. Aside 
from public reluctance to authorize or to 
undergo such experimentation, studies on 
human beings present the difficulty that they 
are expensive and time-consuming; expensive 
because they must, to be accurate, be subject 
to rigid control; time-consuming because of 
the length of the human cycle. Some nutri¬ 
tion authorities argue that certain animals 
are more suitable than man for such studies 
because of their shorter life cycle, and the 
fact that they can he readily controlled. Ac¬ 
cording to these authorities, the results of 
certain of these studies on animals can be 
applied without hesitation to human beings, 
since the laboratory rat, for instance, is less 
susceptible than man to improvement in 
health by dietary means. I must emphasize, 
however, that even if we base dietary allow¬ 
ance solely on animal experimentation, the 
evidence available is still incomplete. 

The war has stimulated a considerable 
number of human studies. These have neces¬ 
sarily been short-term studies, and what is 
needed is knowledge of the influence of 
dietary factors over the whole of the life 
cycle. A professional colleague of mine told 
me of a woman who, because of an oesopha¬ 
geal stricture, limited her diet to milk for a 
period of ten years. She came to the clinic 
with acute anemia and scurvy. But the in¬ 
teresting fact is that the scurvy did not de¬ 
velop until she had been on that diet for more 
than seven years. There is little ascorbic 
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acid in milk and much of what little it con¬ 
tains is destroyed by pasteurization. Hence 
one might have concluded, before the seventh 
year, that the small afnount of ascorbic acid 
present in milk was all that is needed. It 
follows that short-term human studies to 
determine dietary requirements may be defi¬ 
nitely misleading. 

I suggest this field as a fruitful one for 
postwar study and experimentation; study of 
human beings as well as of animals which 
should be co-ordinated to the extent necessary 
to ensure that adequate consideration is 
given to all of the known nutrients. It 
would also be desirable to ascertain whether 
climatic and racial factors influence nutri¬ 
tional requirements. A good many people 
assume that these must differ in the different 
parts of the world and among the different 
races. So far as I know, there is no real 
foundation for that belief. The foods which 
people consume to satisfy their hunger may 
and do differ widely in different parts of the 
world, but no one has shown that this is also 
true of the essential nutrients. 

As our knowledge of the different nutri¬ 
ents increases, tables of dietary standards or 
allowances must change correspondingly. 
As regards the vitamins, the tendency has 
been upwards. Studies are now being made 
to determine human requirements of the es¬ 
sential amino acids, and the results of these 
studies should help us to make better use of 
our protein foods. Since these tables are to 
be used as a guide to production or import, 
food scientists should be aware that small 
changes in the allowances may have impor¬ 
tant economic consequences. 

Now that we have adopted tables of daily 
allowances, our next step is to analyze the 
data from the family dietary studies to see 
whether these diets are adequate for health. 
The first obstacle we encounter is the lack 
of accurate information on the composition 
of food. For the nutrient content of food 
varies enormously with a whole series of fac¬ 
tors. If a number of analyses have been 
made of a particular foodstuff for a particu¬ 
lar nutrient, we can take an average value. 
But there is very evident need for further 
work in this field, to improve methods of 
analysis and to increase the data available. 


Foods lose nutrients in storage, processing, 
and cooking; losses which must be taken into 
account. The Committee on Food Composi¬ 
tion of the Food and Nutrition Board has 
undertaken, and to some extent carried 
through, an enormous amount of work to 
obtain accurate values on the composition 
of raw, processed, and cooked foods. Much 
additional work is needed in this field. 

Now that we have compared our dietary 
studies with standards of dietary require¬ 
ments we decide to compare the results with 
those of dietary studies abroad, and we find 
to our dismay that they are not comparable. 
When the principal United Nations decided 
to pool their food supplies for victory, it was 
a great triumph for reason. But when the 
time came to work the idea out in practice, 
it was found that the aim could not be 
achieved until more complete and more com¬ 
parable information was available on the rates 
of consumption in the countries concerned. 
The three countries used different nutrient 
conversion factors, and the joint committee 
which prepared the report for the Combined 
Food Board remarks, “Even if two or more 
countries prepare estimates by the same basic 
method, considerable differences may arise as 
a result of divergent treatment of such mat¬ 
ters as the scientific basis of calculating nu¬ 
trient values, the point of distribution at 
which supplies are measured and the cover¬ 
age of the statistics/’ 1 

Experience in the League of Nations has 
shown that the scientists in each country will 
cling firmly to their own methods until they 
are persuaded, by sitting down with foreign 
scientists on committees and by working out 
common problems together in the laboratory, 
that other methods might be preferable. Here 
is a whole field of useful work for food scien¬ 
tists in the different countries. The League 
has already made a beginning as regards the 
comparability of dietary surveys, and the 
standardization of certain vitamins which 
have not been synthesized. The research 
institutions of Canada, the United Kingdom, 
and the United States of America are begin¬ 
ning to co-operate together to secure agree¬ 
ment in matters of food composition and 
nutrient conversion factors. 

Dietary studies provide valuable informa- 
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tion to guide the National Nutrition Coun¬ 
cil in formulating policy, but something 
more is needed; it is necessary to appraise 
the nutritional status of the population. In¬ 
sufficient intake of ascorbic acid may cause 
scurvy, but the dietary study may not reveal 
such low intake because the loss of ascorbic 
acid in storage, processing, or cooking has 
not been taken into account. Moreover, a 
number of conditions, such as infections, may 
increase the body’s need for particular nutri¬ 
ents, or they may be taken in with the food 
but not absorbed because of some patholog¬ 
ical condition in the alimentary canal. 
Hence, to the physician, dietary studies are 
of chief importance in revealing whether a 
given nutritional deficiency is of dietary 
origin rather than as a means of appraising 
nutritional status. 

Difficulties in the appraisal of nutrition 
depend upon the degree of departure from 
nutritional health it is desired to measure. 
No difficulty is experienced when malnutri¬ 
tion has reached the stage of an acute defi¬ 
ciency disease, such as scurvy or rickets or 
beriberi. The smaller the departure from the 
normal the more differences of opinion arise. 
Physicians who appraise nutritional status 
may take the stand that nothing less than 
the existence of the classical signs of full¬ 
blown deficiency diseases warrant a diag¬ 
nosis, while others at the opposite pole hold 
that slight departures from average height 
and weight for age or slight eye, mouth, and 
tongue lesions are presumptive evidence of 
specific nutritional deficiencies. The physi¬ 
cian in practice is rightly cautious and con¬ 
servative; he has learned to be skeptical 
concerning cures alleged to have been ef¬ 
fected by new drugs and he sticks to this 
attitude in the ease of nutrition. The public 
health officer with medical training is in¬ 
clined to believe that if the nutritional status 
of groups, however healthy, can be measur¬ 
ably improved by added nutrients, such as 
milk, it would not be unreasonable to believe 
that such a group had been undernourished. 
No one will dispute that it is desirable to 
measure milder and milder degrees of under- 
or malnutrition and to commend the work 
of those who have undertaken this difficult 
task. 


The worker who wishes to appraise the 
status of nutrition has a whole series of 
methods at his disposal. I have already 
spoken of dietary studies. The others may 
be classified into anthropometric, biochem¬ 
ical, and clinical. Clinical methods include 
the use of the X-ray, the electrocardiograph, 
and the biomicroscope. Practically all of 
these methods have their shortcomings. I 
attach most importance to clinical judgment 
which, if based on experience and skill, will 
make the best use of all the methods em¬ 
ployed. 

I have no hope that a simple method of 
appraisal will ever be fully satisfactory, for 
there are too many factors in the complex 
of malnutrition. Nor do I believe it will be 
easy in the future to obtain general accept¬ 
ance of any method or methods by which we 
attempt to measure minor departures from 
the normal. On the other hand, I believe it 
is possible to appraise nutritional status now 
better than ever before. However, a vast 
amount of work remains to be accomplished 
in this field which presents unlimited oppor¬ 
tunities for the physician with special train¬ 
ing and experience in nutrition and public 
health. Naturally such a physician needs 
the co-operation of many others, including 
the public health worker, the biochemist, the 
nutritionist, and the statistician. 

If the work of United Nations Rehabilita¬ 
tion and Relief Agency (UNRRA) is to be 
successful in providing proper food for the 
undernourished in Europe, its efforts should 
be guided by authorities in nutrition. Dr. 
Harold Stuart of Boston, who has had con¬ 
siderable experience in this field, states, “All 
large scale relief feeding programs should 
[therefore] be preceded by a nutritional 
survey, and follow-up surveys should be 
repeated from time to time to keep abreast 
of changing conditions.” 2 He recommends 
a complete mobile survey unit with a pedia¬ 
trician who has had special experience both 
in nutrition and public health in charge (he 
is here concerned with the relief feeding of 
children), assisted by a medical assistant, a 
public health nurse, a nutritionist, one or 
two laboratory technicians, and an X-ray 
technician. He implies that surveys carried 
on by such a unit, according to methods of 
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which he gives a general outline, would be 
a guarantee that the most intelligent and 
scientific use had been made of funds con¬ 
tributed to meet the needs of an undernour¬ 
ished population. Everyone with experience 
in this field will agree with Dr. Stuart and 
will hope that UNRRA will not overlook this 
opportunity. That it is an opportunity not 
only to guide relief feeding but also to ad¬ 
vance our knowledge of nutrition is evi¬ 
denced by the work of Harriet Chick and 
her associates in Vienna after the first World 
War. 

Now that the National Nutrition Council 
has ascertained food-consumption habits and 
appraised the nutritional status of sections 
of the population, its next task is to formu¬ 
late policy and make recommendations to the 
Government. This means, in the words of 
the Mixed Committee on Nutrition of the 
League of Nations, “the interpretation of 
the general rules of rational nutrition in the 
light of national conditions. These general 
rules are necessarily in terms of calories, 
proteins, vitamins, minerals, etc. It is an 
important function of the National Commit¬ 
tees to translate these into terms of specific 
foods, having due regard to the alternative 
sources from which the different nutrients 
can be obtained, the consumption habits of 
the people, the character of national and 
local production, the prices of the various 
foods, etc.’ 73 This is an essential part of 
the new science of food management in which 
the chief belligerent countries have accumu¬ 
lated so much valuable experience during 
the war. 

Let us see how this work might increase the 
need for science and scientists. 

Pood management may be defined broadly 
as the science of making the best use of actual 
and potential food resources for human nu¬ 
trition. Yields of vegetables and fruits have 
been increased through breeding, selection, 
and improved cultural practices. Genetic, 
soil, and climatic factors all influence the 
nutritive value of food crops. By proper 
selection the ascorbic content of the tomato 
may be greatly increased. This is also true 
of the thiamin content of wheat. This field, 
just now opening up, presents countless op¬ 
portunities for science. In addition, much 


can be done to safeguard the nutrients in 
food by research into storage, processing, and 
cooking. Practically all of the ascorbic acid 
and much of the thiamin in food may be lost 
by improper methods of cooking. The Royal 
Canadian Air Force found that the daily, 
ration as cooked contained from 0 to 20 or 30 
milligrams of ascorbic acid, whereas the 
ration before cooking was known to have an 
average ascorbic acid content of 115 milli¬ 
grams. We need to know first what happens 
to different foods in storage, processing, and 
cooking, and second what are the best meth¬ 
ods of storing, processing, and cooking in 
(frder to conserve nutritive value. This looks 
like the plainest kind of applied research 
and might be regarded as almost beneath the 
dignity of food scientists. I would make a 
plea for viewing it from a higher plane. A 
direct attack on the problem may yield less 
valuable results than a more fundamental 
approach. What is needed is thorough study 
of foodstuffs, viewed as biochemical systems, 
by the food scientist who has no useful or 
practical end in view, but simply a consum¬ 
ing curiosity about the nature of food. 

There are ways of improving the nutritive 
quality of foods other than those I have men¬ 
tioned. Bread may be improved by being 
made of a higher extraction flour: 80 per 
cent or 85 per cent as opposed to the usual 
70 or 72 per cent. This method has been used 
in the United Kingdom and Canada. Losses 
of nutrients in processing may be made up 
by enrichment, or fortification. Examples 
of this are: additions of iodine to salt and 
of thiamin, riboflavin, niacin, and iron to 
flour and bread, as is done in the United 
States of America. Enrichment, or fortifi¬ 
cation, may also be used in eases in which the 
nutrients have not been lost in processing 
but in which it may be desirable to provide 
a nutrient which is generally deficient in the 
food supply of large groups. Examples are 
the addition of vitamin A to margarine, the 
addition of vitamin D to milk, and the addi¬ 
tion of vitamin C to apple juice. The latter 
practice is limited to Canada. 

The Joint Committee set up by the Com¬ 
bined Pood Board to study food consumption 
levels in the United States, Canada, and the 
United Kingdom, found that “Canadian in- 
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take levels [of ascorbic acid] would certainly 
fall below even the restricted requirements’’ 
[70 per cent .of the National Research Coun¬ 
cil’s allowances] “if losses occurring in stor¬ 
age, marketing, preparation, and cooking 
were taken into consideration.” 4 It is, there¬ 
fore, reasonable for the Canadian authorities 
to add ascorbic acid to a fruit juice in which 
it is presumably fairly well preserved. It 
should be remembered that the advance of 
nutritional science has made it possible to 
produce a number of important nutrients in 
pure form and that in this form, when the 
demand is sufficiently great, they are very 
cheap, cheaper than they can be produced in 
food. Is it too much to ask that the possi¬ 
bility of enriching foods by this economical 
means should be given full consideration by 
national nutrition authorities? No change 
in food habits is involved in this method so 
that good may be done by stealth. Millions 
of Americans have in all probability received 
considerable benefit from the enrichment of 
white flour and bread, whereas educational 
efforts over long years had failed to increase 
appreciably the consumption of whole wheat 
bread. In Canada approved flour and bread 
have not found more general acceptance in 
spite of being favored by the authorities dur¬ 
ing a period of war emergency. 

Efforts are now being made by the Cereal 
Committee of the Food and Nutrition Board 
to encourage the enrichment of corn products 
with niacin, in which this cereal is deficient. 
Rice is the classic example of a cereal which 
is incomplete nutritionally in the usual form 
in which it reaches the consumer. Where 
the custom is to parboil rice beriberi does not 
prevail, for by this process the vitamins in 
the outer layers penetrate all parts of the 
berry and cannot readily be removed in pre¬ 
paring rice for the table. Undermilling and 
enrichment are other methods of making rice 
a more valuable food nutritionally, but 
neither undermilled nor parboiled rice are 
acceptable to the majority of rice eaters. 
Here, then, is a golden opportunity for the 
food scientist, for success in this field may 
banish the ravages of beriberi from vast 
populations. 

There are other methods of enhancing the 
nutrient value of foods to which reference 


must be made since these furnish opportuni¬ 
ties for research by the food scientist. These 
were referred to by the Hot Springs Confer¬ 
ence in the following words: 5 

There are many methods of preparing foods fol¬ 
lowed by peasant peoples, especially those living 
mainly on foods of vegetable origin, the importance 
of which in the nutrition of the consumer are at 
present scarcely appreciated and little understood. 
In particular, reference may be made to the enhance¬ 
ment of the nutritive values of grains, legumes, and 
other vegetable products, following soaking and ger¬ 
mination and the growth of microorganisms, such 
as yeast and molds. More research is needed on the 
problem of how such methods affect the composition 
of diets as consumed. 

National nutrition may be improved by 
changes in food habits. Enforced changes in 
food habits have been common in this war. 
A good example is the acceptance by the 
British people of the national wheat meal 
loaf of 85 per cent extraction flour. In this 
country, in spite of widespread and long- 
continned education in the value of such 
bread as compared to white bread, there has 
been practically no increase in its consump¬ 
tion. I, therefore, venture to believe that the 
people of Britain will demand a return to 
white bread after the emergency is over, thus 
illustrating the difficulty of changing food 
habits. 

Food habits vary from country to country, 
and are most difficult to change where the 
general level of public education is low. It 
is particularly difficult to improve the food 
habits of the lowest income groups, for they 
are limited to the cheapest foods, and the 
greatest concentration of valuable nutrients 
is found in such expensive foods as meat, 
milk, eggs, fruit, and leafy green and yellow 
vegetables. In the words of the Hot Springs 
report: “Poverty almost invariably means a 
poor and insufficient diet, and the latter is 
the main cause of the disadvantage of the 
poor in respect of health, so clearly shown 
by statistics of disease and mortality.” 6 

The Hot Springs Conference had this to 
say of food habits: “Traditional dietary 
practices are supported by the whole cultural 
complex of attitudes toward social class, re¬ 
ligion, the rhythms of work and rest periods, 
the education of children and formalized 
social ties between persons and groups.” 7 
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The basis of these attitudes must he under¬ 
stood if we are to succeed in influencing in a 
desired direction the pattern of food habits. 
What we have to seek, according to a recent 
writer, 8 is the point at which social prefer¬ 
ences are most readily influenced. This he 
believes to be the school canteen. The value 
of the industrial canteen, as an educational 
force, has been revealed in this country dur¬ 
ing the war. 

This is a complex subject on which a great 
deal could and has indeed been said. As far 
as our national nutrition organization is con¬ 
cerned, I suggest that all recommendations 
for improving diets should take into account 
prevailing food habits; that as much im¬ 
provement as possible should be effected 
without altering food habits; that the success 
of efforts to change food habits depends in 
the first instance on the general level of edu¬ 
cation ; that the lower the level the more diffi¬ 
cult to effect changes; and that school lunches 
and industrial canteens present favorable op¬ 
portunities for education in better nutrition. 

As a final word on this subject, may I em¬ 
phasize that no one should make the mistake 
of believing that the diets of the lowest in¬ 
come groups are necessarily based on food 
habits or preferences. When income in¬ 
creases, these people, as a rule, purchase more 
of the more nutritive foods. This favorable 
change in food consumption is apparent dur¬ 
ing every period when there is full employ¬ 
ment and increased earning power. 

There are many more problems and oppor¬ 
tunities for science in the field of nutrition 
during the postwar years. According to 
Lord Horder, 9 “[But] we must remember 
that the science of nutrition is a young sci¬ 
ence with, as yet, but a few established and 
accepted facts by comparison with those 
which may reasonably be expected as the sci¬ 
ence extends in depth and breadth.” The 
speed and scope of this extension will depend 
upon two factors: How fundamental is the 
approach of research workers and how ade¬ 
quate is the supply of properly trained 
workers f 

Much of the nutrition research now being 
published is of little fundamental value. 
This may be inevitable, for many wrong 
trails must be explored before the right one 


will be found. But I have the conviction 
that better training of workers would greatly 
increase the value of the research being 
carried out. 

The Conference at Hot Springs recom¬ 
mended that governments should initiate or 
continue the study of the relationship be¬ 
tween malnutrition and impaired bodily 
health and vigor; and, in particular, investi¬ 
gate the role of inadequate food consumption 
in the causation of, and mortality from, all 
those diseases which constitute their most 
serious health problems, and “direct their 
attention to the study of health and well 
being and of the nutritional and related fac¬ 
tors which are necessary to secure and main¬ 
tain them.” 10 

Although it has been known for centuries 
that famine is almost invariably followed by 
pestilence, science has not fully elucidated 
the role which nutrition plays in immunity 
or susceptibility to disease. Nutrition defi¬ 
ciencies apparently cause decreased resis¬ 
tance to certain types of infection. In ani¬ 
mals deficient in protein, production of 
antibodies seems to be impaired. Cotting- 
ham and Mills have shown that deficiencies 
of thiamin, riboflavin, pyridoxine, panto¬ 
thenic acid, choline, ascorbic acid, and pro¬ 
teins diminish phagocytic activity. Many 
other contributions have been made, but 
much further study is needed. Here is a 
fruitful field for research after the war. 

Another field of opportunity for science 
has been opened up by Warkany who has 
, shown that a grain-deficient diet fed to rats 
will produce bony deformities in a large pro¬ 
portion of the offspring. 

■Williams, Wilder, and their associates have 
studied and reported on the results of con¬ 
trolled studies of human beings consuming 
diets deficient in thiamin and riboflavin. 
These results have been so challenging as to 
stimulate many similar studies. 

The present obstacle to further progress, 
both in research and in the application of its 
results, is the lack of workers with the neces¬ 
sary technical training and experience. I 
imagine that many more workers are needed 
in biochemistry and physiology. But the 
greatest need, as I see it, is for workers who 
have received fundamental training in all 
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the branches of this complex subject. Spe¬ 
cifically, the need is for physicians with spe¬ 
cial knowledge of biochemistry, the physi¬ 
ology of nutrition, the clinical aspects of 
nutrition, and public health. There is also 
need, as I have indicated, for food scientists 
who have been trained in all the aspects of 
food, just as the specialized physician should 
be trained in all the aspects of human 
nutrition. 

Finally, scientific woi*kers are needed to 
make the best use of the vast accumulation 
of useful experience during the war, when 
great populations have been subjected to 
various types of deficient and improved 
diets, and the new science of food manage¬ 
ment has come into its own. 

If the FAO is to succeed research must be 
one of its principal functions, for only by 
research will it be able to solve the nutri¬ 
tional problems of the peoples of the world. 
This applies equally to the national nutrition 
organizations which governments are to set 
up, each of which should have an advisory 
research committee. 

£ 4 Preventive action against such nutritional 
diseases as scurvy, rickets and beriberi, al¬ 
though superficially more impressive, is prob¬ 
ably of less importance to the human race 


than the acquisition and application of such 
knowledge as will also improve the general 
condition and well being of every man, 
woman and child, through the better choice, 
provision and utilization of foodstuffs.” 11 
By removing through research the obstacles 
which stand in the way of progress along 
this line, science and scientists will open up 
entirely new perspectives for the improve¬ 
ment of human welfare. 
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A NEW INHERITED HUMAN VARIATION, 
THE RH BLOOD'FACTOR 

By HERLUF H. STRANDSKOV 


No inherited human variation has ever 
been the center of more interest among 
human geneticists and clinicians than the 
recently discovered Rh blood factor. Over 
a hundred scientific papers dealing with 
some aspect of its characteristics and impor¬ 
tance have appeared in the short span of 
four years since its discovery. 

Before discussing the Rh blood factor a 
few immunological facts may be reviewed. 
When a foreign microorganism or a chemical 
substance from a foreign organism is intro¬ 
duced into an animal, the tissues of the latter 
may develop chemical substances (anti¬ 
bodies) which tend to counteract or destroy 
the foreign substance. This is the basis for 
all acquired immunities to infectious dis¬ 
eases. Blood of every animal contains cer¬ 
tain specific chemical substances (proteins, 
etc.) which differ from one to another, espe¬ 
cially if they are distantly related. There¬ 
fore, when the blood of an animal of one 
species, for example, species A, is injected 
into the system of an animal of species B, 
the tissues of the latter will develop anti¬ 
bodies (agglutinins, etc.) against the blood 
factors of the former. This can be demon¬ 
strated by adding a drop of blood serum 
from an animal of species B, which has been 
immunized against A, to a drop of blood 
from an animal of species A. The reaction 
which occurs is a clumping, or an agglutina¬ 
tion, of the red blood cells of animal A. 

A few years ago Landsteiner and Wiener 
were injecting blood from the rhesus monkey 
(Macaca mulatto,) into rabbits with the hope 
of developing in the rabbit a serum which 
would react with some then unknown human 
blood factor. This was not an unreason¬ 
able hope because the rhesus monkey is not 
very distantly related to the human species, 
and therefore might be expected to possess 
some factor in common with man. The in¬ 
teresting fact is that in 1940 these two inves¬ 
tigators did obtain a new anti-rhesus blood 


serum from immunized rabbits which, when 
added to human blood, agglutinated the red 
blood cells. This meant, of course, that a 
new human blood factor had been discov¬ 
ered. Since rhesus monkey blood had been 
used for the development of the serum, they 
called the new human blood antigen the Rh 
blood factor. Rh is, of course, an abbrevia¬ 
tion of rhesus and reminds us that this 
human antigen must be identical with, or at 
least similar to, one found in the rhesus 
monkey. 

Although Landsteiner and Wiener had 
found that the new serum agglutinated the 
blood of human individuals they soon dis¬ 
covered that this was true only for the blood 
of some human individuals and not for that 
of others. For instance, among members of 
the White, or Caucasoid, stock they found 
that only about 85 per cent of all individuals 
possess the new Rh factor, or are Rh posi¬ 
tive, and that the remaining 15 per cent do 
not possess it, or are Rh negative. (Later 
we shall indicate why these frequencies are 
applied specifically to Caucasoids.) 

When a variation such as the presence and 
absence of the Rh blood factor is discovered 
in the human species, or in any other species 
for that matter, it becomes of interest to find 
out if it has any hereditary basis. In 1941 
Landsteiner and Wiener reported the results 
of a genetic study which involved 60 families 
with 237 children. On the basis of these 
results these two investigators concluded that 
Rh variations are completely genetically de¬ 
termined and that they involve a pair of 
autosomal genes with dominance relation¬ 
ships. The dominant gene they appropri¬ 
ately designated Rh and the recessive rh. 
According to their conclusions an individual 
is Rh negative if he is pure or homozygous 
recessive rh rh, and Rh positive if he is 
homozygous dominant Rh Rh, or heterozy¬ 
gous Rh rh. (The term autosomal implies 
that the two genes are not located on the sex 
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chromosome pair, but on one of the other 23 
pairs of chromosomes or autosomes, as they 
are called.) When the genes which are re¬ 
sponsible for a variation have their locus on 
an autosomal pair of chromosomes, the varia¬ 
tions which are involved have the same fre¬ 
quencies among females as they do among 
males. 

In 1943 Wiener and Sonn extended the 
Eh genetic study to include 40 additional 
families with 138 children. Hence, a total 
of at least 100 sets of parents and 375 chil¬ 
dren have been tested. The results of the 
second family study supported the genetic 
conclusions drawn on a basis of the first. 

Recently Strandskov and Diederich tested 
the genetic conclusions of Landsteiner and 
Wiener by examining for the Rh factor 
among 39 pairs of identical (monozygotic) 
and 43 pairs of fraternal (dizygotic) twins. 
They found that the two members of the 39 
pairs of monozygotic twins were in every 
instance of the same Rh blood type; that is, 
either both Rh positive or both Rh negative. 
Since monozygotic twins have identical 
genetic compositions, this perfect concor¬ 
dance among monozygotic twins with respect 
to the Rh factor lends credence to the con¬ 
clusion that Rh variations are completely 
genetically determined. It is important to 
be sure of this conclusion if Rh variations 
are to be used as evidence in legal cases of 
disputed parentage or as criteria for the 
determination of type of twin set. Without 
presenting the result obtained among the 
dizygotic twins we may mention that the fre¬ 
quencies of the different possible Rh com¬ 
binations among them support the mode of 
inheritance of the Rh factor suggested by 
Landsteiner, and Wiener. 

Within the last year or two evidence has 
been obtained that the Rh factor has sub¬ 
divisions and that these also have a heredi¬ 
tary basis. Although this is true, the general 
mode of inheritance suggested by Land¬ 
steiner and Wiener, and presented above, 
may still be considered basically correct. 

To clarify the general mode of inheritance 
of the Rh factor we shall present the six pos¬ 
sible Rh matings which may occur in a popu¬ 
lation and also the results which may be ex¬ 
pected among their offspring. 


Mating 

1. Eh Eli x Eh Eh 

2. Eh Eli x Eh rh 

3. EhEhxrh rh 

4. Eh rh x Eh rh 

5. Eh rh x rh rh 

6. rh rh x rh rh 


Expected offspring results 
= 1 or illl Eh positive 
= 1 or all Eh positive 
= 1 or all Eh positive 
= 3/4 Eh positive: 1/4 Eh negative 
= 1/2 Eh positive: 1/2 Eh negative 
= 1 or all Eh negative 


The expected types of offspring from a 
given mating may be calculated as follows: 
(Mating No. 4 above has been chosen as an 
example.) 


Mating 9 Eh rh x $ Eh rh 
Eggs expected = 1/2 Eh: 1/2 rh 

u . , 1/2 Eh: 1/2 rh 

Sperm expected = 


1/4 Eh Eh: 1/4 Eh rh 
Genetic or genotypic ratio 

, , 1/4 Eh rh: 1/4 rh rh 

expected - 


1/4 Eh Eh: 2/4 Eh rh: 1/4 rh rh 
Since the Eh gene is dominant over tho recessive rh 
gene, the genetically expressed or phenotypic ratio 
expected from this mating is: 3/4 Eh positive: 1/4 
Rh negative. 


The frequencies of the several Rh matings 
in the population differ and are of impor¬ 
tance in a detailed discussion. The impor¬ 
tant point here is that the mating frequencies 
within the Caucasoid population are such 
that about 85 per cent of the offspring of 
all the matings will be Rh positive and about 
15 per cent will be Rh negative. 

The story of the Rh blood factor would 
not be complete without refering to its rela¬ 
tionship to a hemolytic disease of the fetus 
or newborn child, known as erythroblastosis 
fetalis. This disease has been known to the 
medical profession for many years, but prior 
to the discovery of the Rh blood factor no 
causal explanation of it was at hand. The 
disease is characterized: (1) by a swelling of 
the fetus due to a collection of fluids in its 
tissues (hydrops or edema); (2) by a yellow¬ 
ish staining of its integument and deeper 
tissues by bile pigments (jaundice); and (3) 
by a deficiency of blood or blood cells in its 
vascular system (anemia). Although a child 
may survive this hemolytic disease, it gen¬ 
erally dies prior to or shortly after birth. 

In 1941, following the discovery of the Rh 
factor, Philip Levine and his co-workers re¬ 
lated erythroblastosis to the Rh blood factor. 
They postulated that the disease is due to 
anti-Rh antibodies (agglutinins) developed 
in an Rh negative mother which diffuse 
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through the placenta and react with Eh 
positive blood cells in the fetus to produce 
erythroblastosis. According to this hypothe¬ 
sis the disease appears only when a mother 
is Eh negative and when her developing 
child is Eh positive. According to them the 
whole series of events occurs as follows: (1) 
Eed blood cells, or perhaps other cells of the 
Eh positive fetus, pass through the placenta 
into the circulating blood stream of the Eh 
negative mother; (2) in the tissues of the 
Eh negative mother the Eh positive antigens 
act as foreign substances and initiate there 
the formation of anti-Eh antibodies (agglu¬ 
tinins) ; (3) these antibodies in the mother's 
blood stream in turn diffuse through the 
placenta into the blood stream of the Eh posi¬ 
tive fetus; and (4) in the fetus these anti¬ 
bodies (agglutinins) react with the Eh fac¬ 
tor to produce the disease known as erythro¬ 
blastosis. 

Levine and his co-workers not only postu¬ 
lated these conditions and relationships, but 
actually demonstrated that Eh antibodies 
may be found in the blood stream of mothers 
of erythroblastotic infants. They also ob¬ 
served that most erythroblastotic fetuses are 
Eh positive and that most of their mothers 
are Eh negative. So convincing have been 
the results of their investigation, as well as 
those of others, that it is almost certain now 
that all eases of erythroblastosis may be at¬ 
tributed to the inherited Eh blood factor. 
The few seemingly exceptional cases which 
have been reported can now probably be ex¬ 
plained satisfactorily. At least we may now 
say with certainty that well above 90 per 
cent of all cases of erythroblastosis, if not all, 
are due to the Eh blood factor. 

There is a question of interest in the in¬ 
cidence of erythroblastosis. According to 
theory, and also according to observed facts, 
about 9 per cent of all Caucasoid babies are 
Eh positive and have an Eh negative mother. 
Thus, about 9 per cent of all babies are poten¬ 
tial erythroblastotics. Fortunately the dis¬ 
ease is not nearly this common. According 
to Potter and others, it occurs only in about 
one out of every 40 potential cases. Hence 
it occurs only in about one out of every 400 
births. 

Although only about one in forty of all 


potentially erythroblastotic babies develop 
the disease, it is true that if erythroblastosis 
has oecured in a given family it will occur 
again in that family in subsequent Eh posi¬ 
tive conceptions. If a husband is homo¬ 
zygous Eh positive (Eh Eh ), then all sub¬ 
sequent babies in that family will be erythro¬ 
blastotic. If he is heterozygous (Eh rh), 
then only one-half may be expected to de¬ 
velop the condition because then only one- 
half should be Eli positive. The other half 
should be Eh negative (rh rh), and an Eh 
negative child can not develop erythro¬ 
blastosis. 

It will be apparent from the foregoing dis¬ 
cussion that erythroblastosis does not appear 
in some families which present the necessary 
Eh relationship between fetus and mother, 
that is, in which the mother is Eh negative 
and the fetus is Eh positive. Why the dis¬ 
ease appears in some potential families and 
not in others is not known, but apparently 
the difference is one of placental develop¬ 
ment. Apparently some women have the 
tendency to develop defective placentae 
which permit red blood cells or other cells 
of the fetus to enter her blood stream. Only 
in. families where the mother has this ten¬ 
dency does erythroblastosis occur, but once 
the disease has appeared, all subsequent Rh 
positive embryos with the same father will be 
erythroblastotic. 

As indicated above, an erythroblastotic 
child occasionally survives birth. What, if 
anything, can be done for such a child? A 
blood transfusion may be helpful. If it is 
desirable to give a transfusion, the trans¬ 
fused blood should be that of an Eh negative 
individual because such blood contains no Rh 
antigen to be agglutinated, but it should not 
be that of its own Rh negative mother, be¬ 
cause her blood contains anti-Rh antibodies, 
which would clump the red blood cells of the 
fetus and aggravate the disease. It has also 
been shown that other Eh negative individ¬ 
uals who have had Eh positive blood trans¬ 
fusions may have Rh antibodies in their blood 
stream. Therefore, blood from such individ¬ 
uals should not be used either. 

Since the Eh blood factor is an inherited 
characteristic, the question is frequently 
asked if it would not be possible through 
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legislation to eliminate erythroblastosis from 
the human population. The answer to this 
question is, yes, this would be possible. The 
disease could be eliminated by prohibiting 
all Kh positive or all Rh negative individuals 
from marrying or from having offspring. If 
all Rh positive individuals were prohibited 
from having offspring erythroblastosis would 
be eliminated in a single generation, but who 
is going to ask 85 per cent of the population 
not to have children ? If all Rh negative in¬ 
dividuals were prohibited from having chil¬ 
dren, then many generations would be re¬ 
quired, because some Rh positive individuals 
would carry the recessive gene, rh, and these 
recessive genes would continue to combine 
for many generations to produce Rh negative 
individuals. Again, it is not justifiable to 
ask 15 per cent of our population not to have 
children. 

Erythroblastosis could also be eliminated 
by prohibiting Rh negative women from 
marrying Rh positive men, but again, it must 
be admitted that the frequency of occur¬ 
rence of erythroblastosis does not justify 
even such a measure. The most that seem¬ 
ingly should be done at present is to acquaint 
everyone with the genetic and clinical facts 
which are known about the Rh blood factor, 
and especially to inform the parents of an 
erythroblastotie child of the probability of 
its recurrence within their family. 

Earlier in this paper it was stated that 
the Rli positive and Rh negative frequencies 
which were indicated pertained specifically 
to the Caucasoid stock. This was done be¬ 
cause Mongoloid and Negroid populations 


have been shown to have somewhat different 
frequencies, Such racial differences are also 
being found with respect to the subdivisions 
of the Rh factor. Because this is true, a 
thorough study of the Rh factor among dif¬ 
ferent populations should contribute mate¬ 
rially in the future to our general store of 
knowledge of racial differences, racial simi¬ 
larities, and racial interrelationships. A 
thorough study of the genetics of the Rh 
blood factor should also give us one more 
criterion which may be utilized in legal cases 
of disputed parentage and in the diagnosis 
of twins. 

It was mentioned earlier that any Rh 
negative individual may develop anti-Rh 
antibodies if Rh positive blood is transfused 
into his or her blood stream. Since this is 
true, the Rh blood factor should also be con¬ 
sidered in all ordinary blood transfusions. 
At least an Rh negative individual should 
never be given repeated transfusions of Rh 
positive blood, and an Rh positive individual 
should not be given blood from an Rh nega¬ 
tive individual who has had Rh positive 
transfusions and therefore may have anti-Rh 
antibodies in his or her system. 

As implied in some of the statements 
above, the story of the genetics and the clin¬ 
ical importance of the Rh blood factor has 
not been completely worked out as yet. Con¬ 
sequently, some of the opinions presented 
may have to be altered slightly as more and 
more facts are accumulated. Although this 
may be true, there is no question but what 
the basic concepts which have been presented 
are correct and will continue to stand. 


1 



GOOD WATER AND HUMAN LONGEVITY* 


By W. S. MAHLIE 


Throughout all ages the abundance and 
purity of water for human use have been of 
paramount importance. No civilization has 
flourished without an adequate water supply, 
and although it may not be directly respon¬ 
sible for human longevity, it is generally 
conceded to be a contributing factor. No 
matter where one begins his study of civili¬ 
zation he will always find evidence in the 
ruins of cities of well-developed water sup¬ 
plies, whether they were in the valley of the 
Euphrates and Tigris, in ancient Rome, or 
in Carthage. 

As will be recalled, one of the troubles of 
the children of Israel in their wanderings 
was the lack of water and that Moses puri¬ 
fied the bitter waters of Marah (Exodus 15: 
25). Later Elisha at Jericho (2 Kings 2: 
20-22) purified the waters by means of salt. 
In Solomon’s words of wisdom (Proverbs 
5: 15) he says, 4 'Drink waters out of thine 
own cistern, and running waters out of 
thine own well,” probably intending to con¬ 
vey the. advice to shun water of unknown 
quality. 

Perhaps the most famous of all ancient 
water supplies was that of Rome. Frontinus 
in his Water Supply of Rome gives a good 
description of the aqueducts existing at the 
time he was serving as water commissioner 
of the city (a.d. 96-98). Beginning in 312 
b.c. and continuing to a.d. 226, nineteen aque¬ 
ducts were constructed in Rome, having a 
total length of 381 miles. 

Pliny (a.d. 70) speaks of the blessings 
conferred by the gods on the city of Rome in 
providing a bountiful water supply and says 
that the water from the Marcia Aqueduct 
was the cleanest in the world. Pliny also 
records that Agrippa in one year constructed 
70 pools, 105 fountains, and 130 reservoirs. 

After the Greek and Roman rise of civili¬ 
zation and the abundant use of good water 
in bathing and drinking, there followed a 
decline in civilization, and it is not surpris¬ 
ing that in the Medieval period disease and 
superstition were prevalent. Many of the 

* Paper read before the Texas Academy of Sci¬ 
ences meeting, November 15, 1944. 


plagues which scourged Europe at that time 
probably were water-borne epidemics from 
contaminated water supplies. 

Curative Waters. Just when man first 
realized the difference in quality of water 
is unknown. It takes no great imagination, 
however, to conceive that primitive man 
favored clear, sparkling, cool water from a 
spring, over that from a muddy creek or 
pool, and that as time went on he began to 
associate certain diseases with certain waters 
and, conversely, to utilize certain watering 
places to regain his health. 

While we may smile at Ponce de Leon’s 
search for the "Fountain of Youth,” there 
are today many people going from one health 
resort to another searching for a water that 
will cure their ailments. 

Natural healing waters are not so highly 
esteemed in our country as in Europe. 
There may be a number of reasons for this. 
The European waters have been used for a 
much longer time; the merits of American 
waters may have been overestimated; and 
again it may be that the privilege of a pro¬ 
longed stay at those watering places is lim¬ 
ited to the wealthy classes. 

A great variety of opinion exists as to the 
benefits derived from so-called "curative” 
waters, varying from the expression "fake” 
to "miraculous.” It is probable, however, 
that owing to dissolved mineral salts some 
waters do possess a therapeutic value, and 
this, together with the attendant change in 
climate, scenery, rest, social life, sports, and 
amusement found at these resorts, does often 
work an improvement in health. 

Some waters may contain laxative salts, 
others may contain iodine, which benefits 
certain types of goiter, and recently it has 
been found that fluorine if present within 
certain limits retards tooth decay. 

Much remains to be said of the "radium¬ 
bearing” waters. Radioactivity in waters 
was observed many years ago. In 1926 the 
U. S. Geological Survey reported that in 
order to produce detectable effects by drink¬ 
ing radioactive waters, 100 to 1,000 gallons 
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would have to be drunk daily! In 1932 the 
City of New York Health Department tested 
a large number of commercially sold waters 
and found them to be entirely devoid of 
radioactivity. On the other hand, there are 
radioactive waters, the drinking of which is 
said by reputable physicians to be beneficial. 
Time, experience, and scientific research 
alone will decide this question. 

Drinking Water and Disease. To corre¬ 
late good water and human longevity with 
mathematical precision is a rather difficult 
if not impossible task, but it can be done in a 
general way by showing first the relationship 
between drinking water and disease and then 
the reduction in water-borne diseases result¬ 
ing from improved water supplies. 

Many of the great plagues and epidemics 
of the past probably were water-borne. Un¬ 
fortunately this cannot be said with cer¬ 
tainty, because it is only since about 1850 
that the germ theory has been advanced and 
definite causes attributed to epidemics. 

In the present day we recognize with cer¬ 
tainty three principal diseases that are con¬ 
tracted mainly by drinking contaminated 
water. They are cholera, typhoid and the 
related paratyphoid, and dysentery, both 
bacillary and amoebic. These diseases are 
caused by specific organisms, introduced into 
the water from external sources, and are not 
formed spontaneously, the water being 
merely a vehicle for their transportation 
from place to place. Thus, a water may be 
grossly polluted by some organic material, 
but if the specific organisms are absent no 
disease will result from drinking it. 

Formerly, malaria was considered as a 
water-borne disease and many papers were 
read at medical meetings on the subject of 
malaria and swamp waters, but, as we all 
know now, the mosquito is held responsible. 

There is today much speculation as to 
whether poliomyelitis, or infantile paraly¬ 
sis, is water-borne, but in the absence of a 
recognized specific organism as a causative 
agent this still must remain conjectural. 

Water-borne Disease Epidemics. A few of 
the most outstanding water-borne disease 
epidemics may be mentioned briefly. 

In 1887 a cholera epidemic flourished in 


Messina, Sicily. From September 10 to Oc¬ 
tober 25 there were 5,000 cases with 2,200 
deaths. The governmental agencies felt that 
the water supply was responsible and 
stopped the use of water from this source. 
Tank ships were pressed into service to bring 
in water from the mainland, and as one 
writer expressed it, “cholera ceased as if 
by magic.” Incidentally, when the Forty- 
fifth Division of the U. S. Army invaded 
Sicily in the present war, they took along 
with them from Africa a five day’s water 
supply of 155,000 gallons. There were three 
tank ships of 10,000 gallons each, and 125,000 
gallons put up in 25,000 five-gallon cans. 
This was for one division alone! 

Another example of a cholera epidemic 
is that of Hamburg, Germany. From Au¬ 
gust 1892 to March 1893 there were 17,000 
eases, with 8,605 deaths. At that time the 
population of the city was 640,000. The 
water supply was taken from the Elbe River 
and used without purification. Altona, a 
city so close to Hamburg that the boundary 
lines were only imaginary, derived its water 
from the same river, after it had received 
the sewage from Hamburg, which lay up¬ 
stream. Altona, however, had a water treat¬ 
ment plant and had practically no cases. 
Professor Koch, who investigated the epi¬ 
demic, said, “Cholera in Hamburg went 
right up to the boundary of Altona and there 
stopped. In one street which for a long way 
forms the boundary, there was cholera on 
the Hamburg side, whereas the Altona side 
was free from it. ’ ’ 

Typhoid-fever water-borne epidemics are 
much more numerous than cholera. One of 
the most famous was that of Plymouth, Pa., 
in 1885, wherein a city of 8,000 population 
had 1,104 cases with 114 deaths. The epi¬ 
demic was traced to the water supply, which 
had been contaminated by throwing the dis¬ 
charges of a typhoid-fever patient on the 
watershed. 

Columbus, Ohio, furnishes another classi¬ 
cal example of a water-borne typhoid epi¬ 
demic. From December 1903 to March 1904 
there were 1,646 cases with 166 deaths. The 
water supply was taken from a river below 
a point where the sewage from an insane 
asylum entered and was distributed to the 
city without treatment. The typhoid death 
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rate at that time was 139 per 100,000. In 
1940 the death rate was 0.3 per 100,000. 

Water-borne dysentery epidemics are more 
numerous but not so severe as typhoid. The 
one attracting nation-wide publicity was 
that of Chicago in 1933. About 850 cases of 
amoebic dysentery with 52 deaths resulted. 
The city water supply itself was all right, 
sewage laden cross-connected plumbing being 
responsible for the epidemic. 

These few examples of water-borne epi¬ 
demics are typical of many more probably 
not so large but their total cases aggregating 
many times the aforementioned. That a 
great many deaths could have been pre¬ 
vented by proper water treatment is self- 
evident. Shakespeare and Zachary Taylor 
died from typhoid fever, Louis IX and the 
German philosopher Hegel from dysentery, 
and Pasteur’s brilliant assistant Thuillier 
from cholera. What a waste of men and 
genius has ignorance caused! 

Water Purification . The relationship be¬ 
tween drinking water and disease having 
been briefly shown, there remains yet to 
point out the reduction of deaths due to 
water treatment. Before doing so it might 
be well to give a short resume of the history 
of water treatment. 

Modern water treatment began in 1829, 
when an English engineer, James Simpson, 
conceived the idea that by building a sand 
bed with tile underdrains he could duplicate 
natural conditions of filtering and obtain a 
clear water without turbidity such as comes 
from springs. Accordingly, he constructed 
a one-acre filter bed at Chelsea, a suburb of 
London, to filter the muddy water of the 
Thames River. The results met his expecta¬ 
tions, and it was soon noticed that people 
residing in the district served by this water 
had better health than those of other dis¬ 
tricts. In 1855 Parliament passed an act re¬ 
quiring all metropolitan supplies to be fil¬ 
tered. Nothing apparently was known as to 
what took place in the filtering other than the 
removal of turbidity. In 1870 chemical 
analyses were made of the water before and 
after filtering, but nothing significant was 
found. By 1885, however, the germ theory 
had been well established, and it was then 
discovered that the filters removed bacteria. 


Simpson’s filters were operated at a rate 
of about 3,000,000 gallons of water per acre 
per day. The natural-occurring colloids and 
silt in the applied water formed a mat on 
the surface which removed the bacteria. 
As the mat gradually became thicker with 
accumulated materials, there came a time 
when it would not filter properly, and when 
this occurred the top inch or so of sand was 
removed by scraping and replaced with new 
sand. This was a laborious and costly 
process, and soon machines were developed 
to remove, wash, and replace the sand. 

In 1897 a series of experiments was begun 
at Louisville, Ky., under the direction of 
George W. Puller, and the resulting discov¬ 
eries revolutionized the technique of water 
purification. It was found that the mat on 
the filter could be rapidly produced by means 
of alum and that the rate of filtration could 
be increased nearly fifty-fold (125,000,000 
gallons per acre per day). Instead of scrap¬ 
ing off the sand, a method of 4 * backwashing ’ 7 
was found by applying water to the under¬ 
drains and forcing it upwards. 

Since then new appliances and other dis¬ 
coveries have been introduced, but the fun¬ 
damental process remains the same. 

In 1908 George A. Johnson introduced the 
use of chlorine in the form of a hypochlorite 
as a sterilizing agent to the polluted waters 
of Bubbly Creek, Chicago. Beginning in 
about 1913 the use of liquid or gaseous 
chlorine has gradually replaced hypochlo¬ 
rites, so that at present it is almost univer¬ 
sally used in sterilizing public water. 

In the past 30 years many improvements 
have been made in water treatment. Water 
can be freed from excessive minerals by 
softening, iron and manganese can be re¬ 
moved by special treatments, and objection¬ 
able taste and odor can be eliminated by the 
use of activated carbon or combinations of 
chlorine and ammonia. Methods and appa¬ 
ratus are available for removing carbonate, 
sulphate, or chloride ions, so that a water 
can be produced that is equal to or even bet¬ 
ter in quality than most commercially dis¬ 
tilled waters. 

Reduction in Typhoid Fever ly Water 
Treatment. In the United States typhoid- 
fever death rates generally furnish the best 
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criteria in gauging the quality of a public 
water supply. 

In a paper prepared many years ago 
(1907) by Dr. George Kober, entitled Con¬ 
servation of Life and Health ly Improved 
Water Supplies , a study of 61 water supplies 
was made, and the results are summarized 
below. The figures, of course, represent the 
untreated water. 

MEAN TYPHOID-DEATH RATES PER 100,000 POPULATION 


4 cities using ground water from large wells... 18.1 

18 cities using impounded water and conserved 

rivers or streams . 18.5 

8 cities using water from small lakes . 39.3 

7 cities using water from the Great Lakes .... 32.8 

5 cities using both surface and underground 

water . 45.7 

19 cities using badly polluted river water . 61.1 


In 1913 George A. Johnson (who intro¬ 
duced the use of hypochlorite in water treat¬ 
ment) showed that for an average period of 
about six years prior to filtration the typhoid 
death rate was 80 per 100,000 and that for 
the six years following the rate dropped to 
21 per 100,000. These figures were based on 
a study of nine cities. Today a typhoid 
death rate of 21 per 100,000 would be con¬ 
sidered of epidemic proportions. 

Studies made in 1940 covering a large 
number of cities having a total population of 
36,000,000 show that the typhoid death rate 
is 0.48 per 100,000 as against 20.5 in 1910. 
In the ease of Fort Worth, Texas, it has 
dropped from 27.8 in 1910 to 1.1 in 1940. 

There may be some persons who feel that 
water treatment should not be credited with 
all this reduction, since numerous other sani¬ 
tary improvements have been made, and the 
use of typhoid vaccines has been introduced. 
Sanitation experts agree, however, that about 
70 per cent of all typhoid is traced to drink¬ 
ing water, 20 per cent to milk, and 10 per 
cent to “ carriers. ” Thus, water treatment 
should be credited with at least 70 per cent. 

US' 

Mills-Reincke Phenomenon and Hazen’s 
Theorem . In addition to saving lives as a 
result of decreased typhoid fever, water puri¬ 
fication has further benefits. In 1894, inde¬ 
pendent of each other, Mills in Massachu¬ 
setts and Eeincke in Germany observed a 
marked reduction in death rates following 


the introduction of a treated water supply, 
which could not be accounted for by typhoid 
fever alone. This became known as the 
Mills-Reincke Phenomenon. In 1904 Hazen 
gave a quantitative expression to the phe¬ 
nomenon, which later became known in pub¬ 
lic-health work as Hazen’s Theorem: 

Where one death from typhoid fever has been 
avoided by the use of better water, a certain num¬ 
ber of deaths, probably two or three, from other 
causes have been avoided. This seems the clear and 
logical conclusion from the statistics. It is not 
easy to explain how the water is connected with the 
deaths other than those from typhoid fever. It 
may be that a good water supply, used freely and 
with confidence, results in a better general tone in 
the system of the population, and so indirectly to a 
lower death rate, and that a part of the reduction 
is represented by diseases having no recognized con¬ 
nection with the quality of the water supply. 

All the preceding discussion has been 
based on the bacterial properties of water 
supplies. We should remember also that 
other diseases, not of a bacterial origin, may 
be traced to a water supply. For instance, 
there have been numerous cases in which the 
character of the water was such that it dis¬ 
solved lead from the plumbing and caused 
lead poisoning. Water supplies deficient in 
iodine are considered responsible for much 
goiter. Excess fluorine in water causes mot¬ 
tled enamel on teeth. There are also waters 
containing arsenic or copper, excessive 
amounts of salt, and gypsum or other min¬ 
erals which may affect one’s health. 

With the present-day methods of chemical 
and bacteriological analyses, dangerous wat¬ 
ers may be recognized and their use discon¬ 
tinued or prohibited before harm is done. 

What is Good Watert This question has 
been often asked, and to most of us the 
answer can be simply stated, “ Water that 
does not cause disease is good water.” To 
this, however, can be added a number of 
other requirements, such as freedom from 
excessive minerals, taste, and odor. The 
U. S. Treasury Department has set up cer¬ 
tain universally recognized numerical values 
for the count of bacteria and for the various 
chemical ions that the water may contain, 
and if the water meets these requirements, it 
can safely be called a “good” water. 
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ELECTRONICS 

By JOHN MILLS 


Electronics embraces the science and en¬ 
gineering arts which have to do with freeing 
electrons from their atomic associations and 
with controlling them for engineering pur¬ 
poses. Electronic devices are important in 
all forms of electrical communication, both 
wire and radio; they are essential in all sys¬ 
tems for television and in many military ap¬ 
pliances; and they are rapidly finding wide 
use in industrial application of electrical 
power and in many manufacturing processes. 
They are used to convert power from alter¬ 
nating to direct current; to provide high- 
frequency currents for such widely different 
operations as tin-plating and the manufac¬ 
ture of plywood; and to control processes like 
electric welding and proper registration in 
three-color printing. All these devices are 
tubes of various shapes that are either highly 
evacuated—vacuum tubes—or partially evac¬ 
uated—gas-filled tubes. In these tubes elec¬ 
trons, freed in ways this article will describe, 
are marshalled into streams by electrical 
fields. These streams, electrical currents 
through the tubes, are further controllable in 
direction and intensity by additional fields, 
electrical or magnetic. 

Electrons can be freed from their atoms 
by rays of light, more liberally by higher fre¬ 
quency (shorter wavelength) radiation, such 
as X rays, by those from, radioactive sub¬ 
stances, and by cosmic rays. They can also 
be freed by the impacts of other electrons 
and from metal bodies by the application of 
heat. 

Lightning, an Electronic Phenomenon . A 
considerable number of free electrons are 
always moving around among the molecules 
of the atmosphere, freed from their atoms 
by the action of sunlight, radioactive sub¬ 
stances in the earth’s crust, or cosmic rays. 
Ordinarily these free electrons do not move 
with the speed required to knock another 
electron from a near-by gas molecule; but 
in the lightning season, when high voltages 
are built up between cloud and earth, they 
may be accelerated to “ionizing” speeds at 


which they will knock out a negative electron 
and leave a damaged atom. The atom which 
has lost an electron is thereby positively 
charged. It is now known as an “ ion. 77 It 
moves under the influence of the electrical 
field between cloud and earth. The newly- 
freed electron moves in the opposite direction 
and, if the field is strong enough, may produce 
more electrons by collisions with other atoms. 
An enormous stream of electrons is thus 
quickly produced; that is, there is a large 
movement of electricity through the atmos¬ 
phere, a large current of electricity between 
cloud and earth, called a lightning discharge. 

Gas Discharge Tubes. This phenomenon of 
electrical discharge through gas is most con¬ 
veniently and safely observed on a smaller 
scale by using a partially evacuated tube in 
which metal plates, called electrodes, take the 
place of the cloud and the earth and are 
electrically charged by connection to a bat¬ 
tery or other source of voltage. It was with 
tubes of this sort, but with most of the atmos¬ 
phere pumped out, that scientists in the last 
years of the nineteenth century proved the 
existence of the electron and explained the 
conduction of electricity through gases. It 
was also with a highly evacuated tube of this 
sort that X rays were discovered. These rays 
are produced when fast-moving electrons 
strike the walls of the tube, and particularly 
the positive electrode (anode). The elec¬ 
trons by their blows disarrange the electrons 
in the atoms which they strike, and as these 
atoms return to their normal arrangement 
each of them shoots forth a flash of invisible 
but highly penetrating X rays. In the mod¬ 
ern X-ray tube the vacuum is so high that 
electrons only very rarely collide with atoms 
and produce electrons by collision. In these 
tubes the electrons are supplied by heating 
the negative electrode (cathode). 

Tubes similar to the gas-discharge tubes 
used in the discovery of electrons, that is, 
partially-evacuated tubes in which there is 
a miniature lightning discharge, are used 
today as neon lamps and as sources of fluo- 
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rescent lighting’. Their production of light 
is essentially the same as in the lightning 
flash. When, during the discharge, an elec¬ 
tron meets a positively charged ion, the two 
oppositely charged particles may combine to 
form a normal atom. Then the energy of 
their collision is radiated as a speck of light 
—as a 41 photon.” Not all collisions of elec¬ 
trons with atoms occur at ionizing speeds, 
capable of knocking out electrons. They 
may result merely in some disarrangement 
of the electrons of the atom. Almost in¬ 
stantly, however, the atom rearranges itself 
into its normal condition, and as it does a 
flash is radiated. In lamps most of the light 
is due to the action of such “excited” atoms. 

Photons and Photoelectric Effects. Pho¬ 
tons are little bundles of energy, little “bul¬ 
lets” of light. They are produced when the 
electrons of an atom rearrange themselves, 
whether in the mild action of “excited” 
atoms, or in the more severe recombination 
of electron and ion, or in the many times 
more powerful action of the rearrangement 
of the innermost electrons of heavy atoms 
which give rise to X rays. The shorter the 
wavelength of the emitted light the greater 
is the energy in the photon. Photons of 
ultraviolet light and particularly of X rays 
are capable of ionizing atoms upon which 
they strike. Even the less powerful photons 
of visible light can knock electrons out of 
metal bodies, because in such bodies there are 
always many electrons which are already 
free from their original atoms and are wan¬ 
dering loose in the relatively vast spaces be¬ 
tween the atoms. This phenomenon of light 
freeing electrons from metals was discovered 
before the electron, but not explained until 
afterwards. It is known as the “photoelec¬ 
tric effect,” and it is the basis for the libera¬ 
tion of electrons in the vacuum tubes used 
in television and other tubes called photoelec¬ 
tric tubes—or called phototubes, if not highly 
evacuated—which act as relays to turn on or 
off electric currents in response to light. 

Electrons from Heated Metal. A third 
method of freeing electrons, and the one 
most commonly used in electronic devices, is 
to liberate them by heating metal bodies. In 
metals, as was implied above, the outermost 


electrons of atoms are not as closely held as 
in nonmetallic atoms. In a metal body, 
therefore, there are always many electrons 
free from their atoms and engaging in a hap¬ 
hazard motion in the relatively enormous 
open spaces between near-by atoms. These 
electrons explain the conduction of elec¬ 
tricity in metals and also the higher con¬ 
ductivity of heat, which is characteristic of 
metals. A current of electricity through a 
metal body is merely a stream of these freed 
electrons; in a wire they are forced to travel 
from the end connected to the negative ter¬ 
minal of a power source, e.g., battery, to the 
positive terminal. In so doing, however, they 
must dodge and jostle their way past the 
atoms. These they set into more violent mo¬ 
tion, producing a greater molecular agita¬ 
tion, that is, a greater amount of heat in the 
wire. Larger electric current means more 
electrons per second passing a cross section 
of the wire, and also more heating. 

The electrons which take part in electrical 
conduction through metals are ordinarily 
kept within the bounds of the wire by the 
attraction of all the near-by atoms. How¬ 
ever, if they are moving very fast, as they 
are when the wire is red hot, some of them 
may be able to shoot beyond the attraction 
of the wire as a, whole and escape into the 
surrounding space as free electrons. At 
white heat a few hundred billion electrons 
will escape each second from each square 
centimeter of the surface. These electrons 
are sometimes called “thermions.” 

Electrons are produced equally well from 
a metal whether it is heated by the passage 
of a current or by heat externally applied. 
The high conductivity for heat in the case of 
metals is explained by the presence of the 
wandering electrons. Heat applied at one 
spot of a body sets the electrons at that point 
(and also the atoms) into more violent mo¬ 
tions. The electrons quickly transfer that 
energy to neighboring electrons (and to their 
near-by atoms); there is heat conduction 
through the body. If the heat is sufficient 
the electrons may move so fast, on the aver¬ 
age, that some will break away, and then 
there is a “thermionic emission.” 

Vacuum and Gas-filled Tubes , In electron 
tubes the free electrons are controlled by 
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applying* voltages to the electrodes. In all 
cases there must be two electrodes. A stream 
of electrons will then flow through the tube 
from the cathode (negative terminal) to the 
anode (positive terminal). Tubes are di¬ 
vided into classes depending upon whether 
or not the electrons are derived from a heated 
cathode; and also as to whether or not they 
are vacuum tubes (that is, tubes with so 
little gas that collisions rarely occur) or 
partially-evacuated (that is, gas-filled tubes). 
In all gas-filled tubes the main supply of 
electrons for the current through the tubes 
is ionizing collisions of free electrons and gas 
molecules. The relatively few free electrons 
which initiate the discharge and start the 
sequence of ionizations may, however, be de¬ 
rived from a hot cathode. In the gas-filled 
phototubes the electrons which initiate the 
discharge are photoeleetrically emitted from 
an unheated cathode. 

One simple rule determines the engineer¬ 
ing choice between vacuum and gas-filled 
tubes. If one wants an exact correspondence 
between cause and effect—if, in other words, 
as in communication, one wants a current 
which exactly conforms to some cause, for 
example, a spoken word or a television sig¬ 
nal—-one uses a vacuum tube because the 
electron stream can be kept precisely propor¬ 
tional to the signal. If, on the other hand, 
one wants merely to produce a rapid and 
large passage of current when the discharge 
is to be triggered off, then one uses a gas- 
filled tube and lets the exciting cause initiate 
a small lightning discharge through the tube. 

Tubes with Grids. The electron stream 
from cathode (filament) to anode (plate) can 
be controlled by interposing grids between 
filament and plate. The introduction of a 
grid for such control of the current was the 
epoch-making invention of Lee de Forest in 
1906. A grid is a gridiron structure of 
wires. To electrons at some distance it acts 
like a continuous surface and attracts these 
negative particles or repels them, depending 
upon whether it is positively or negatively 
charged. To electrons a grid is a deceitful 
structure because it speeds electrons toward 
itself, but they get going so fast that their 
paths are not diverted to its individual wires, 
and most of them pass through the open 


spaces of the grid. The grid is stra¬ 
tegically interposed between the filament 
(cathode) and the plate (anode), but nearer 
the filament, so that it has a disproportionate 
influence on the electrons. A small voltage 
applied between the filament and the grid is 
equivalent in its effect upon the stream of 
electrons to a voltage many times larger ap¬ 
plied between the filament and the plate. 

When this arrangement is used in com¬ 
munication circuits, the signal is applied be¬ 
tween the filament and the grid; the * 4 load/’ 
e.g., a loudspeaker, is connected, usually 
through a transformer, in series with the 
battery in the external path from the fila¬ 
ment to the plate. The result is a current 
through the load similar to that impressed 
on the grid, but much larger; that is, it is 
amplified. Amplification is the most impor¬ 
tant characteristic operation of the three- 
electrode tube (triode). It can, however, 
perform two other essential operations of 
electrical communication; namely, first mod¬ 
ulation or demodulation, and second, the 
generation of alternating currents. Which 
operation it does perform depends upon the 
magnitude and character of the voltages ap¬ 
plied to its electrodes and upon the other 
circuit elements—capacitances and induc¬ 
tances—connected to them. When the tube 
is to be used in communication circuits, the 
usual practice is to introduce two extra grids, 
making a five-electrode tube (pentode). 
Then, properly designed and operated, it has 
wider range of action and can handle greater 
signal energy without distortion. 

Diodes. Tubes with only two electrodes 
(diodes), however, have many uses. That 
is the structure of X-ray tubes, of fluorescent 
lamps, and of rectifiers for the conversion of 
alternating current into direct for charging 
storage batteries, processes of electro-chem¬ 
istry, supplying current to home radio sets, 
and to dust and smoke percipitators. Except 
for the X-ray tubes which, like those used in 
communication, are vacuum tubes, the rest of 
the diodes just mentioned are gas-filled. The 
functions they perform are primarily those 
of electrical power. Photoelectric tubes also 
and the gas-filled phototubes are diodes. 

Power Tubes . The other tubes used for 
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the control of electrical power are usually 
triodes, but a few types are tetrodes. They 
are all gas-filled. Their purpose is to release 
a sudden surge of current, through an ex- 
ternal circuit connected between cathode and 
anode, when triggered off by applying a 
small voltage to the grid. The energy comes 
from the power source connected between 
cathode and anode, but it is controlled so far 
as starting is concerned by the electrical con¬ 
dition of the grid. In general, these tubes 
get the electrons which are to initiate the dis¬ 
charge current from a hot cathode. In one 
scheme of operation the voltage applied to 
the anode is sufficient to accelerate electrons 
to ionizing speed and so start a miniature 
lightning discharge. Until action is desired, 
therefore, the grid is maintained sufficiently 
negative to repel the electrons back toward 
the cathode and prevent them from ionizing 
the gas. Because of the strategic position of 
the grid this is easily accomplished by ap¬ 
plying to the grid a relatively small negative 
voltage. In the other scheme the anode 
voltage is not sufficient to start ionizing col¬ 
lisions ; and to start discharge it is aided by a 
small positive voltage applied to the grid. 

These power tubes can handle currents of 
hundreds and thousands of amperes at high 
voltages. In the smaller tubes the hot cath¬ 
ode is usually a filament, but for those of 
higher power it is usually a pool of mercury. 
Once the discharge is started the mercury 
acts like a hot cathode, for its surface will 
be heated by the blows of the positive ions 
of the gas which are attracted to it. Such 
tubes are usually started by applying a small 
voltage to a third electrode—not grid-shaped 
but equivalent in action, so far as starting 
is concerned, to the. positive grid described 
in the preceding paragraph. This electrode, 
sometimes called an 4 ‘ igniter/ ’ makes a 
rough contact with the surface of the mer¬ 
cury and sets up a small discharge current 
to itself, thus heating the mercury at the con¬ 
tact point and providing a source of elec¬ 
trons. The electrons that are freed stream 
toward the anode, ionizing as they go; and 
the positive ions moving in the opposite di¬ 
rection by their impacts on the mercury sur¬ 
face maintain its electron emission. The 
discharge current continues only as long as 
the voltage is applied to the anode. If this 
is alternating, the discharge is intermittent. 


Cathode Ray and Television Tubes. If in 
a diode, in which an electron stream passes 
from a hot cathode to a positively charged 
anode, there is a hole in the center of the 
anode, a stream of electrons will pass through 
to the end of the tube. This arrangement is 
an electron gun. The stream of bullets 
(electrons) leaving its muzzle continues in a 
straight line, except as deflected by an elec¬ 
tric or magnetic field. If the end of the tube 
is coated with a fluorescent substance, such 
as zinc sulphide, their blows cause a spot of 
light. As the path is bent by the impressed 
fields the spot traces a continuous pattern. 

This cathode-ray tube can disclose the in¬ 
stantaneous variations of a complex alter¬ 
nating current. The unknown current sup¬ 
plies a field to move the beam up or down 
while an auxiliary direct current steadily 
sweeps it sidewise. The spot draws an ac¬ 
curate picture of the current’s wave form. 
The spot’s vertical displacement measures 
the intensity at instants recorded by its 
horizontal position. 

The same principle is employed in tubes 
for television receivers. The beam is swept 
from left to right, by one field, then almost 
instantaneously returned for the next trip, 
which it makes, however, at a slightly lower 
level to which it has been shifted by the ver¬ 
tical field. The beam makes 441 sweeps in 
one thirtieth of a second, and then returns to 
its starting point. In thirty turns a second, 
therefore, it covers successively every point 
in a rectangular picture frame. The inten¬ 
sity of the light spot in the meantime is in¬ 
stantaneously varied in accordance with the 
intensity of the light in the corresponding 
point of the distant scene, a result that is 
accomplished by transmitting to the televi¬ 
sion tube a current, derived from a photo¬ 
electric tube, which corresponds at each in¬ 
stant to the light in the scenic detail then 
under observation. This current is supplied 
to a grid to increase or decrease the electron 
stream that issues from the gun’s muzzle. 

The Electron Microscope . Electron micro¬ 
scopes use streams from an electron gun in 
much the same way as an optical microscope 
uses beams of light from a substage con¬ 
denser. Beams of high-speed electrons can 
be refracted to a foeus by electromagnetic 
lenses, which are coils carrying currents and 
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so establishing a magnetic field through 
which the beam is caused to pass lengthwise. 
Since glass and other materials are only very 
slightly penetrable by electrons, the object 
under observation must be very thin and 
mounted on a slide of only the merest film 
of celluloid. The image is formed on a pho¬ 
tographic film in a manner similar to that 
of the optical instrument. Because a high¬ 
speed electron has, in effect, a wave length 
shorter even than ultraviolet light, the elec¬ 
tron microscope permits the observation of 
greater detail than the optical microscope. 
Whereas the optical microscope may give a 
magnification of 2,000 diameters, the electron 
microscope, still capable of improvement, has 
a magnification of 100,000 diameters. 

Uses of Electron Tubes. Electron tubes— 
exclusive of cathode ray tubes and electron 
microscopes—find their greatest use as cir¬ 
cuit elements, just as do switches, relays, 
generators, and transformers. They are 
adaptable to three main purposes: (a) as 
relays, that is, as switches or controllers of 
current; (b) as generators, that is, convert¬ 
ers of power from one form to another, as 
from direct to high-frequency alternating 
current; and (c) as modulators (or demodu¬ 
lators) to scramble (or unscramble) cur¬ 
rents, e.g.j in electrical communication, by 
telephone and the radio. Unlike ordinary 
switches and electromagnetic relays, the elec¬ 
tron tube (triode or pentode) has the unique 
characteristic of amplification. A small 
effect imposed upon the grid causes a corre¬ 
spondingly large effect in the output cur¬ 
rent, the energy for which is supplied by 
the power source of the tube. In communi¬ 
cation circuits when vacuum tubes are prop¬ 
erly used, a small signal current can be am¬ 
plified very many times without distortion. 
In power circuits such exact correspondence 
between cause and effect is not necessary 
and a large surge of current can be triggered 
off under the grid's control. In photoelec¬ 
tric tubes and in phototubes, which are their 
gas-filled counterparts, the output current is 
under the control of the light to which the 
photo-emissive cathode is exposed. 

The use of electron tubes as generators 
derives from their ability to amplify. For 


this purpose they are arranged so that a 
portion of the output current is fed back to 
the grid. This input to the grid is then am¬ 
plified and results in a still larger output 
current. Operating in this hoop-up, the tube 
will produce an alternating current of fre¬ 
quency determined by the capacitance and 
inductance in the circuit connecting output 
to input, that is, connecting the plate to the 
grid. The tube then serves as a generator 
of high frequency current, that is, as a con¬ 
verter of direct current into alternating cur¬ 
rent. This operation is essential to many 
types of electrical communication, especially 
the radio. It is also basic to all industrial 
uses of high frequency currents for heating, 
such as induction heating, dielectric heating, 
and high frequency therapy. 

The operations of an electron tube as mod¬ 
ulator or demodulator are essential to all 
forms of electrical communication except the 
simplest. In general, the tube is used when 
currents are to be stepped up or down in 
frequency. It was the operation of demodu¬ 
lation, so successfully performed by the de 
Forest audion in detecting radio signals, that 
attracted powerful attention to his device. 
(It was the ability of that structure under 
proper conditions to act as an amplifier that 
gave it its real start in the communication 
arts and led to applications in other arts. 
The three electrode vacuum tubes as an am¬ 
plifier [telephone repeater] made possible 
long distance wire communication.) The 
ability of the tube to modulate a current, i.e., 
to vary it in accordance with the variations 
of another current, provided the basis for 
radio telephony and, in general, for multi¬ 
channel communication whether through 
space or over wires. Each message is “car¬ 
ried” by a modulated current of a distinctive 
frequency, or by radio waves established by 
the current. The several carrier currents 
are produced by electron tubes acting as 
generators. At a common receiving station 
the several messages can be distinguished by 
the frequencies of their carrier currents; and 
can be separated and routed to individual 
equipments for demodulation. In effect, in 
this process an audio-frequency signal is first 
raised to a radio frequency and returned to 
its original frequency—and all without loss 
of significance. 



IT MIGHT HAVE BEEN BANKSIA 

By EMILY EVELETH SNYDER 


Our letters from the continent down under 
might begin Somewhere in Banksia instead 
of Somewhere in Australia, if Linnaeus had 
had his way. Hundreds of names that this 
Swedish botanist gave to plants are in use 
today, but for some reason the name he sug¬ 
gested for a continent was not favored. 

The man Linnaeus wished to honor was 
Sir Joseph Banks (1743-1820). Banks never 
led an expedition to Australia. He was not 
primarily interested in acquiring territory. 
He did not even hold an army or navy rank 
when he sailed with Captain Cook on his first 
voyage around the world. As a matter of 
fact, Banks furnished the equipment and 
supplies for himself, for Dr. Solander who 
was his secretary and a former pupil of 
Linnaeus, and for his four servants. Banks’ 
interest was in science, particularly in the 
collection and study of plants. 

Banks was 25 years old in 1768, the year 
Cook sailed in the Endeavor. He had already 
made collections in far-off places. Two years 
before this he had sailed to Newfoundland 
and Labrador with Lieutenant Phipps, inter 
Lord Mulgrave, who was one of a party sent 
there to investigate the fisheries. This trip 
kindled in Banks a desire for wider travel, 
in spite of the fact that he had found the 
mosquitoes almost unbearable, had been ill 
with fever, and had lost most of his precious 
seed collection and the potted plants he was 
taking to England. The storm that caused 
his losses made it necessary for the boat to 
land at Lisbon. Banks never published a 
report of this excursion to America, but at 
Lisbon he was given something that became 
the talk of his fellow naturalists. This was 
a present of two balls of the “new Elastick 
Substance.” In a history of the Royal So¬ 
ciety this is said to be the first specimen of 
rubber seen in England. 

After the American trip, his friends sug¬ 
gested that Banks make a tour of Europe, 
as befitted a young and wealthy gentleman, 
but when the opportunity to sail with Cook 
presented itself, Banks referring to the 


European trip said, “Every blockhead does 
that: my Grand Tour shall be one round the 
whole globe.” 

The circumstances that made it possible 
for Banks to go with Cook were in part due 
to his friendship with Lord Sandwich, Lord 
of the Admiralty, whom he had met while on 
a fishing trip. Fishing, collecting natural 
history materials, and studying agriculture 
on the family estate occupied most of Banks’ 
time after he finished the regular classical 
education of the times with a degree from 
Oxford. 

The entire direction of Banks’ very active 
life seems to have been set by an apparently 
minor incident. One day, while a student 
at Eton, he went swimming with some boys 
and had such a good time in the water that 
all the others left before he was dressed. 
Wandei'ing back alone, he was so impressed 
by the flowers along the way that he decided 
to study botany. Since the subject was not 
taught at Eton, he began to go places where 
old women were collecting medicinal herbs to 
sell to pharmacists. He asked them all sorts 
of questions and paid them for any informa¬ 
tion that was of value to him. His method 
of self-education became more speedy after 
he returned from a vacation at home with an 
illustrated copy of an Herbal he had found 
in his mother’s room. He continued his 
study of botany in college even when he him¬ 
self had to make arrangements for a lecturer 
in the subject. Joseph’s father, a Member 
of Parliament, would probably not have 
selected natural history as the life work of 
his son, but he died before his son finished 
Oxford and left the young man a fortune. 
Beginning with his expenditures for the 
Cook expedition, throughout his life Banks 
spent large sums of money on projects to 
increase scientific knowledge. 

The main purpose of Cook’s first voyage to 
the Pacific was to take astronomers there so 
they could get a good view of the transit of 
Venus across the disc of the sun. The first 
recorded transit occurred in 1639. Two 
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others were predicted for 1761 and 1769 by- 
Halley, the discoverer of the comet that per¬ 
petuates his name. A voyage to the Pacific 
in those days now seems like a tremendous 
undertaking for such observations, but the 
data were needed for calculations being 
made on the distance between the sun and 
the earth. The observations made in 1761 
left much to be desired, so at the urging of 
the Royal Society Cook was backed by the 
government and left England again in 1768. 

After a trip high-lighted by many adven¬ 
tures along the coast of South America and 
among the islands in the Pacific, the astro¬ 
nomical equipment was set up on an island 
near Tahiti. The third of June, 1769, was 
perfect for the observations which were made 
under the direction of Mr. Green, the as¬ 
tronomer of the expedition. 

Banks, by this time, had won great popu¬ 
larity among the islanders, so much that he 
was constantly called upon to arbitrate in 
cases of thefts by natives and in troubles 
between them and the crew members. On 
June 3d, a native king and his sister arrived 
to pay Banks a visit. Banks took his royal 
guests to the observatory and showed them 
the planet as it was crossing the sun’s disc. 
He explained that it was to witness this 
event that he and his companions had made 
the long trip from England. 

With the prime purpose of the expedition 
out of the way, Cook was free to explore. 
After surveying the coast of what is now New 
Zealand, he sailed westward. On the 29th 
of April, 1770, the expedition landed at a 
place Banks christened Botany Bay, because 
of the enormous number of strange plants he 
saw there. 

During the next five months Banks and 
Solander, with their assistants, spent as 
much time as possible on shore collecting 
and preparing specimens of plants, of in¬ 
sects, and of fish and other animals. When 
Banks returned to England in 1771, this 
collection amazed his fellow naturalists, 
while the man on the street was much im¬ 
pressed by the descriptions of kangaroos and 
of bats with a wing spread of a yard. Banks 
was also able to make reports on the customs 
of many of the native tribes he had seen. 

Almost as soon as the results of Cook’s 


voyage were made known, preparations were 
begun for his return to the Pacific. Banks 
made plans to accompany him and bought 
a large amount of equipment. However, 
difficulties arose. Records are in disagree¬ 
ment as to the nature of the trouble, but 
Banks did not sail with Cook in 1772, 
although the friendship of the men was con¬ 
tinued after Cook’s return. 

Since he was outfitted for a voyage, Banks 
chartered a ship and visited Iceland. Among 
his guests were Dr. Solander and Dr. James 
Lind. The latter, incidentally, was one of 
the first to advocate the use of citrus fruits 
to prevent scurvy on ships. Although the 
travelers brought back many interesting 
specimens of plant and animal life, and some 
Icelandic manuscripts they had purchased, 
the real benefactors of this trip were the 
inhabitants of Iceland. In 1808 England 
and Denmark were at war, and the British 
navy made it impossible for any ships to 
reach Iceland. The people there were re¬ 
duced to such want that they visited the 
beaches after each receding tide to gather 
seaweed for food. The condition of the Ice¬ 
landers was brought to the attention of 
Banks. Through his influence, as an honor¬ 
ary member of the Board of Trade, licenses 
were issued giving safe passage to some pro¬ 
vision ships. 

Banks never made another extended trip 
outside of England, but he became one of the 
most widely known men of his time. Begin¬ 
ning in 1778, Banks served for forty-one 
years as President of the Royal Society. 
This alone would have been enough to make 
him famous among scientists. But it was 
his interest in horticulture, in general, and in 
the Royal Gardens at Kew, in particular, 
that made his name familiar in the most iso¬ 
lated parts of the world. 

Immediately after Banks’ return from the 
Pacific, he and Solander were given an 
audience by King George III. From this 
time Banks became an adviser to the king 
on agricultural and horticultural matters. 
In this capacity he rendered the English 
sheep raisers great service. There is a letter 
from Banks to the king, dated August 10, 
1787, in which he states that he has ordered 
two rams and two ewes of the finest Spanish 
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breed for the king’s flock. How important 
merino sheep became may be judged from 
the prices they brought. In 1804 a ram from 
the king’s flock sold for 42 guineas. 

In 1808 nearly two thousand sheep ar¬ 
rived in England as a gift for the king from 
the Spanish government. Banks was di¬ 
rected to distribute these. He saw that they 
went to owners of flocks who could make the 
best use of them “to improve their British 
wools by the aid of this valuable cross.” 

Being chief adviser in matters pertaining 
to the Royal Gardens at Kew seems to have 
increased Banks’ tremendous enthusiasm for 
plant collecting. Banks gave men in all 
parts of the world directions about collecting 
and shipping plants. He backed botanical 
expeditions and urged physicians and ex¬ 
plorers to send him information about use¬ 
ful plants found in new colonies. It is esti¬ 
mated that 7,000 new plants were introduced 
in Kew Gardens during the reign of George 
III. Banks was directly or indirectly re¬ 
sponsible for the arrival of most of them. 

His own travels and his contacts with col¬ 
lectors all over the globe made Banks an 
exceptionally well-informed man. It was 
Banks who was asked to draw up instruc¬ 
tions for David Nelson, the gardener who 
was in charge of the bread-fruit trees that 
were to be taken by Bligh from the Pacific 
Islands to the West Indies. It took five 
months to get the thousand bread-fruit and 
other trees satisfactorily stored on the 
Bounty. Undoubtedly the easy life the 
crew led during this time caused the unrest 
that became mutiny after they were at sea. 
Banks was enraged at the news of the 
mutiny. Later, when the opportunity came, 
he backed Bligh as governor of Australia. 
Bread-fruit trees were finally taken to 
Jamaica by another expedition encouraged 
by Banks. 

Banks may have been the originator of the 
plan to colonize Australia. Anyway, he was 
called before a committee of the House of 
Commons when preliminary discussions were 


going on. His enthusiasm for Botany Bay 
was so great that it was designated as the 
port of disembarkation for the first fleet load 
of colonists. On his arrival there, Captain 
Phillip found it unsuitable and moved up the 
coast to the present site of Sidney. 

At this time confusion was great about 
the land down under. The name New Hol¬ 
land was applied to the western part of the 
continent, and Cook had called the eastern 
part New South Wales. Doubt even existed 
whether these two regions were parts of the 
same body of land. Largely through the in¬ 
fluence of Banks, Captain Flinders was sent 
out, near the beginning of the 19th century, 
to complete the survey of the coast lines in 
the region of New South Wales. The bota¬ 
nist on this trip was Robert Brown. 

In 1777 Banks had taken a large house in 
Soho Square in London. Visitors described 
it as a veritable museum. Banks was very 
generous in allowing scholars to examine his 
collections and to use his books. One of the 
young men who frequently went there was 
Robert Brown, After Banks’ attention was 
called to him, he recommended the young 
botanist for the trip. Brown brought back 
so many specimens from down under that the 
cartage charge from Liverpool to London 
was fifty-three pounds. He had nearly three 
thousand species of plants from Australia. 

Flinders succeeded in circumnavigating 
the continent. He then pointed out that the 
names in use were applied to the same land 
mass and suggested that both be given up in 
favor of the name Australia. This name had 
been loosely applied to lands lying between 
South America and Africa. Banks, among 
others, objected to this name. However, in 
1817 the Governor requested that Australia 
be adopted in all dispatches. The next gover¬ 
nor, in a subtle way, indicated he was ready 
to make the name more permanent. He 
named his daughter Eleanor Australia Bris¬ 
bane. And so the continent that received 
so much attention from Sir Joseph Banks 
became Australia instead of Banksia. 


X 
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SCIENCE AND TUBERCULOSIS 

Now is the time for research on tubercu¬ 
losis. In this country improved methods of 
detection and government support for mass 
surveys are disclosing hundreds of thou¬ 
sands of unsuspected cases. Opportunity is 
now created for a superb national investment 
in devising methods to encircle permanently 
the spread of infection from these known 
sources. 

While estimates differ sharply, there are 
from one to two million potentially infectious 
people in this country, and at least 25 mil¬ 
lion among the 500,000,000 people of Europe. 
Tremendous problems exist also in South 
America and the Orient. Our country, the 
richest in the world, has now approximately 
one hundred thousand beds available for 
controlled segregation. It is a choice of in¬ 
terest, that between more hospitals and im¬ 
provement of method. 

One reason for emphasis on research and 
preventive work is that our weapons for 
treatment of tuberculosis are more obsolete 
than those against any other great infection. 
We have quinine and atabrine (as well as 
DDT) for malaria, sulfadiazine for strep¬ 
tococcus infections, penicillin for pneumococ¬ 
cus and staphylococcus, but nothing at all 
cor mrable for tuberculosis. The unchecked 
disease, also, neither heals nor kills in many 
instances, but rather drags on for years. 
Care of each victim therefore, cured or un¬ 
cured, requires many months, and often 
thousands of dollars. In a field where radi¬ 
cal improvement of method is most desper¬ 
ately needed, funds available to fight tuber¬ 
culosis too often lack courageous research 
direction, and become absorbed in pallia¬ 
tive work. Meanwhile the great advances 
in preventing and handling other infectious 
diseases provide many too long neglected 
leads for attack. 

Tuberculosis bacteria, like other disease 
agents spread by air, food, or water, are 
most easily and cheaply exterminated outside 
of the body, where we have them in the 
open. This will remain true even if a new 
“penicillin” or sulfa drug is discovered for 


tuberculosis. It will always be easier to pas¬ 
teurize milk than to cure spinal tuberculosis. 
In fact, it is easier to kill the tuberculous 
cow, and, if necessary, cook it thoroughly 
for meat, than it is to cure intestinal tuber¬ 
culosis. In this country, 1 out of 200 cows 
is still tuberculous, and in Europe about 35 
out of 100. Pasteurized milk is needed still. 

But pasteurized air is needed more. 
Ninety-five per cent of human tuberculosis 
starts as a lung disease, and the fatal dose 
of bacilli by inhalation is probably less than 
one millionth part of that by mouth. True, 
it is more costly to pasteurize the air of pub¬ 
lic buildings than it is to pasteurize milk. 
The best method, or combination of methods, 
to purify air in each situation remains to be 
found by determined investigation. Engi¬ 
neering developments should swiftly follow. 
The air-conditioning manufacturers, who 
have worked on heating, cooling, humidity 
control, and even pollen removal, are just 
beginning to consider a new and incalculably 
important aspect of their problem. Contami¬ 
nated air is the main source of 20 great in¬ 
fections, such as tuberculosis, the common 
cold, pneumonia, rheumatic fever, septic 
sore throat, and resulting heart trouble and 
arthritis. The public, which approves of 
research and preventive medicine, approves 
of them feebly; the medical and nursing pro¬ 
fessions, which know better, acquiesce: The 
motto in dealing with these infections is 
still “Billions for tribute; five dollars for 
defense.” 

The heat we use to warm our public build¬ 
ings in winter is enough to pasteurize the 
agents of upper respiratory infections. The 
ultraviolet light which cleanses outdoor air 
can be made to purify indoor air. Moreover, 
bacterial and virus dust can be partially 
trapped by filters, more thoroughly precipi¬ 
tated electrically, or chemically sterilized. 
In provisional tests the author has seen that 
harmless, imperceptible gases, the glycols,* 

* Developed by a distinguished group of scien¬ 
tists, working with the leadership of O. H. Robert¬ 
son. These gases are the only agents known which 
can be made to act throughout a space continuously, 
night or day. 
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exterminate air-borne tubercle bacilli, under 
conditions yet to be defined. Development 
of this application, among others, is most 
urgently needed. 

The concentrated effluvia of coughing, 
crowded, migrating, starving millions of 
Europe is at work. Millions of homes there 
have been destroyed or damaged, millions of 
evacuated families jammed into insufficient 
quarters. Yet more numbers of infected 
prisoners are tramping homeward. Whole 
armies will soon disband. Even in this coun¬ 
try many thousands of infected veterans will 
return to crowded, unsafely ventilated hos¬ 
pitals, asylums, and sanatoria. We must 
segregate them to guard the health of the 
public and thousands of exposed attendants. 

If indeed we must continue to breathe in¬ 
fectious bacteria and viruses, then we should 
u practice” our tissues on weakened or killed 
vaccines. is a “weak sister” of 

a tubercle bacillus inoculated alive as a vac¬ 
cine. Many killed vaccines have been pro¬ 
posed, including both extracts and whole 
bacilli, such as the tc asphyxiated vaccine” 
of the author. In general, the aim has been 
to kill firmly but gently, retaining immuniz¬ 
ing power. A given weight of killed vac¬ 
cine, unless an essential principle is ex¬ 
tracted, will always be less effective than an 
equal weight of dive vaccine, which multi¬ 
plies for a time, and therefore stimulates the 
tissues more widely. The natural infecting 
doses to be protected against vary, but are 
in general divided doses, not all inhaled at 
once, and evidently less in amount than 
enough to be fatal at any one time. It is 
therefore doubtful what statistical differ¬ 
ences might be found between living and 
killed tuberculosis vaccines, since a factor of 
natural reinforcement almost invariably ex¬ 
ists. 

The potential value of killed vaccines is 
not seen, even by many experts. Killed vac¬ 
cines often fail in hypersuseeptible animals, 
such as the guinea pig and monkey, and 
produce no striking effect either in highly 
resistant animals, such as the carnivores. 
The best test animals are those of intermedi¬ 
ate grades of resistance to various types of 
tubercle bacilli, such as rabbits and swine. 
Immunization against infection may be com¬ 


pared to diking against a flood. On a very 
low bank the row of sandbags is useless; 
on a very high bank it is needless; on a 
bank of medium height it may just prevent 
misfortune. Different strains of people also 
vary in resistance, but far less than varying 
species. Only long term comparative tests 
of vaccines are of any scientific value. 
Against tuberculosis, the author recommends 
trial of vaccination in a limited group, the 
tuberculin-negative individuals necessarily 
exposed. This might include some children 
in Europe and some nurses in this country, 
also some war prisoners who are often 
crowded in a heterogeneous fashion, even in 
this country. Whole bacillus vaccines absorb 
slowly, but it is strange that a profession 
which has the courage to perform lobectomy 
operations hesitates to study killed vaccines. 

Because of the slow growth of the tubercle 
bacillus, research thereon requires a coinci¬ 
dence of long experience, sustained interest, 
adequate support, good ideas and often un¬ 
usually large space for animals—to circum¬ 
vent this slow growth by many experiments 
abreast. - Now is the time, Administrators, 
Philanthropists, Scientists and Public Health 
Workers! Tuberculosis now threatens to 
take back the dearly bought ground it pre¬ 
viously lost to the onward march of civiliza¬ 
tion. Men of all nations, too long con¬ 
strained to unwelcome tasks of war, should 
soon combine against this common foe.— 
Truman Squire Potter, Department of 
Pathology, Dartmouth Medical School, Han¬ 
over, New Hampshire. 

GROWTH REGULATORS IN PLANTS 

Some of the aspects of plant growth most 
likely to be taken for granted are actually 
the most difficult to explain. Why, for ex¬ 
ample, do leaves develop when they do, their 
blades expand just so much, and then stop? 
Why does one stem on a plant elongate more 
than another on the same plant over the 
same period of time? Why do flowers ap¬ 
pear on a plant when they do, or, for that 
matter, why do they appear at all? Why 
do new roots develop much more readily on 
a plant at certain times than at others? 
And, equally important, how is the growth 
or development of one organ of a plant co- 
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ordinated and correlated with that of others 
so that one organ does not develop dispro¬ 
portionately to, or out of step with, others*? 

The development of any given organ on 
a plant is more or less influenced by the di¬ 
rect effects of environmental factors, but is 
also affected by its other organs. Several 
physiological mechanisms have been recog¬ 
nized by which one organ of a plant may 
influence the development or reactions of 
others. Such effects may result from the 
influence of one kind of organ, such as de¬ 
veloping fruits, upon the distribution of 
water, necessary mineral ions, or foods to 
other organs, such as growing stem tips. 
Gradually, however, as a result of recent 
and continuing investigations there has been 
unfolding the pattern of another, and per¬ 
haps more fundamental, type of mechanism 
of the internal controls exerted by one plant 
organ upon the development or behavior of 
another. Among the innumerable synthetic 
products of plants are certain physiologi¬ 
cally highly active compounds which exert 
regulatory effects on developmental proc¬ 
esses in plants. The effects induced by these 
compounds are often seemingly out of all 
proportion to their quantity: profound in¬ 
fluences on plant growth or reactions are 
frequently caused by almost inconceivably 
low concentrations of these substances. 
Most frequently a naturally occurring plant 
growth regulating substance is synthesized 
in one organ or part of the plant from which 
it is transported to some other part, where it 
exerts its influence on the growth of the 
receptor organ or tissue. The behavior of 
these substances is thus like that of hormones 
in the higher animals, and they are often 
referred to as plant hormones. 

The substance thiamin (vitamin B x ), well 
known as a necessary constituent of the diet 
of humans and animals, plays the role of a 
hormone in plants. Some years ago it was 
discovered that detached roots will grow in¬ 
definitely in a sterile liquid medium contain¬ 
ing only dissolved sugar and certain mineral 
salts, provided only that a small amount of 
yeast extract be also added. Later it was 
found that thiamin was the one ingredient 
of the yeast extract which appears to be 
necessary for the growth of the roots of all 


kinds of plants. In intact plants thiamin 
is synthesized in the leaves and translocated 
down into the roots. Roots are therefore 
dependent upon the leaves for the supply 
of the required root growth substance thia¬ 
min. If the downward movement of thiamin 
to the roots is interrupted in any way, 
growth of the roots is retarded or stopped. 

-- The auxins have been the most exhaus¬ 
tively studied of all the plant hormones. 
These substances, at least some of which 
have been isolated from plants and identified 
chemically, play roles in a number of dif¬ 
ferent growth phenomena. Their most fun¬ 
damental effect is on the elongation of plant 
cells, such as those involved in the growth 
in length of stems and other plant organs. 
In the absence of auxins, elongation of cells 
fails to occur and, within limits, cell elonga¬ 
tion is proportional to auxin concentration. 
The auxins are not synthesized, however, in 
the zones of cell elongation, but in the still 
younger regions closer to the tip of the elon¬ 
gating organ in which cell divisions are oc¬ 
curring. Hence auxins must be translocated 
from the site of their synthesis to the cells 
which are elongating. Cutting off the tip 
of a growing stem stops, or at least greatly 
checks, its further elongation because the 
supply of auxins to the zone of cell elonga¬ 
tion has been curtailed. 

Another role of the auxins is in the de¬ 
velopment of roots, an effect ffhat is most 
clearly illustrated in the rooting of cuttings. 
If the basal ends of stem cuttings of many 
kinds of plants are stuck into moist sand, 
roots commonly develop on the underground 
parts of the cuttings. The roots that de¬ 
velop on a cutting are usually more vigorous, 
however, if it bears leaves or healthy buds 
than if it does not. The explanaf’jd of this 
fact seems to be that certain h^^ones made 
in the leaves or buds are necessary for the 
formation of roots on the basal portion of a 
cutting. Such hormones move down the 
stem and accumulate just above the basal 
end of the cutting in greater quantities when 
leaves and buds are present in relative abun¬ 
dance than when they are not. Thiamin, 
as already mentioned, is one of the plant 
hormones required in the development of 
roots. Auxins also play a role in root for- 
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mation, and it is possible that other growth 
regulators having their origin in the leaves, 
buds, or stems are also necessary for the de¬ 
velopment of roots. Within limits, at least, 
the greater the supply of these growth regu¬ 
lators to the buried part of the cutting, the 
more vigorous the development of roots 
from it. 

An important feature of the growth of 
plants is the expansion of the small blades 
of very young leaves into the larger blades 
of older leaves. The occurrence of this proc¬ 
ess requires the presence of specific growth 
regulators. If young leaves are floated in 
the dark on solutions containing sugar, 
auxins, and other known growth regulators, 
they fail to expand. But if a trace of the 
compound adenine is also introduced into 
the solution, expansion of the blades pro¬ 
ceeds. This substance thus acts as a specific 
growth regulator of leaf expansion. In in¬ 
tact plants the hormone which exerts a con¬ 
trolling effect on leaf expansion is appar¬ 
ently made in mature leaves and translo¬ 
cated to younger, still expanding leaves. 
Older leaves may thus exert a regulatory 
effect on the development of younger leaves. 

The initiation of flowers by plants is also 
subject to internal control. Flowers de¬ 
velop only if specific substances are supplied 
from the leaves to the growing stem tips of 
the plants. In default of a supply of such 
substances the stem tips may continue to 
grow but develop only vegetative parts— 
stems and leaves. The name “florigen” has 
been given to this substance or group of sub¬ 
stances. Synthesis of florigen in the leaves 
is profoundly influenced by certain environ¬ 
mental conditions, especially the length of 
the daily period of illumination and the 
temperature. For a given kind of plant 
florigen is synthesized under some environ¬ 
mental conditions but not under others. For 
experimental purposes many plants can be 
brought into flower or kept in the vegetative 
condition at will by controlling the environ¬ 
mental conditions to which they are sub¬ 
jected and thus, indirectly, the synthesis of 
florigen. 

Roots as well as leaves are the centers of 
the synthesis of certain growth-regulating 
substances. One of these is the hormone 


called eaulocalinc which is necessary for 
the normal elongation of stems. Stem elon¬ 
gation apparently takes place only in a zone 
where upward moving molecules of caulo- 
ealine from the roots and downward moving 
auxin molecules from the stem tips meet. 
Under some environmental conditions the 
cauloealine output of the root system may 
be curtailed. In some kinds of plants caulo- 
caline synthesis is reduced if the roots are 
inefficiently aerated; this in turn may result 
in a stunting of top growth. 

In addition to the naturally occurring 
growth-regulators, a number of organic com¬ 
pounds not positively known to be present 
in plants have been discovered to have effects 
on plants similar to those of some of the 
autogenous plant hormones. Many, although 
not all, of these “synthetic hormones” re¬ 
semble the auxins in their effects on plants 
and are often so classified. Among the bet¬ 
ter-known compounds in this group are in¬ 
dole butyric acid, alpha naphthalene acetic 
acid, and naphthoxyacetic acid. 

There are several important uses of growth 
regulators in the practical control of plant 
growth and behavior. Among other effects 
of the auxins is that of retarding leaf-fall. 
Leaves properly treated with an auxin re¬ 
main attached to the stems longer than sim¬ 
ilar leaves not so treated. Soon after its dis¬ 
covery, this principle was applied to prob¬ 
lems of economic consequence. Spraying of 
apples with a suitable auxin solution at the 
proper time to prevent premature dropping 
of the fruits has recently become an impor¬ 
tant horticultural practice. The prolonged 
retention of apples on the trees permits pick¬ 
ing them before they fall to the ground and 
deteriorate in quality. This application, the 
outgrowth of a discovery of sometimes dis¬ 
paraged 44 pure science,” has probably al¬ 
ready more than repaid society for all of the 
funds ever spent on hormone research in 
plants. 

Another widely used practical application 
of knowledge of plant hormones is the pre¬ 
treatment of cuttings with auxins. Roots 
form more abundantly and more quickly on 
cuttings of many kinds of plants if they are 
given such a pre-treatment than if they are 
not. Such artificially applied auxins pre- 
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sumably supplement and augment the effect 
of the auxins naturally present in the cut¬ 
ting. Rooting of some kinds of cuttings is 
also improved by a pre-treatment with thia¬ 
min in addition to the auxin treatment. 

Control of certain aspects of the develop¬ 
ment of fruits can also be exercised by 
the use of growth-regulating substances. 
Usually fruits develop on plants only after 
pollination has taken place. If, however, 
pollination is prevented or fails to occur 
naturally and a suitable hormone is intro¬ 
duced into the pistils of the flowers, devel¬ 
opment of |he fruits will take place much 
as if normal pollination had occurred. Such 
fruits are seedless—even seedless watermel¬ 
ons have been produced by this technique. 
During the winter season the pollen of 
tomatoes being grown under glass has a low 
viability, and one of the practical applica¬ 
tions which have been made of this discov¬ 
ery has been to supplement the normal pol¬ 
lination process with hormone treatment of 
the flowers of such plants and thus insure 
a much greater yield of tomatoes. Such 
fruits may be fully equal in size and quality 
to those developing after normal pollination. 

The examples given are only three of the 
more widely used applications of the newer 
knowledge of plant growth-regulating sub¬ 
stances. There are good reasons for believ¬ 
ing that we stand only at the threshold of 
developments in this field of knowledge. 
Hitherto man’s control of plant growth has 
depended almost entirely upon the selec¬ 
tion or breeding of desirable varieties of 
plants and the control or at least selection 
of the environmental conditions under which 
plants are grown. With the discovery of 
the effects of plant growth regulators, some 
of natural occurrence, others of synthetic 
origin, new tools have been placed in his 
hands whereby additional controls can be 
exerted on at least some kinds of plant 
growth and behavior. More and more in 
years to come it will he possible for the plant 
scientist and even the practical grower of 
plants to become, within limits, a sculptor of 
life itself, molding plants more or less to 
suit his own needs or desires.—B. S. Meyer, 
Department of Botany, The Ohio State Uni¬ 
versity, Columbns, Ohio. 


THE PROTECTION OF TEXTILES 
AGAINST BIOLOGICAL 
DECAY 1 

Cotton, linen, hemp, jute, paper, and card¬ 
board are all forms of cellulose, and are all 
subject to decay by mould fungi and bac¬ 
teria. Even in peacetime the economic 
losses resulting from this type of destruc¬ 
tion alone are quite spectacular. Pishing 
nets, awnings, tentage, tarpaulins, sacks, 
ropes, and so on are all liable to attack by 
a variety of organisms which are not only 
diverse in character but also widespread over 
the whole globe. The destructive activities 
of these microbes may occur in materials in 
storage, in transport, and in use, and prac¬ 
tically the only thing that will “stop the 
rot” is absence of moisture. Now, the mar¬ 
gin between the normal moisture-content of 
some fibers and fabrics and the minimum 
moisture for the growth of fungi and bac¬ 
teria is sometimes a matter of only two or 
three per cent, and hence under certain cli¬ 
matic conditions microbiological decay is 
likely to be rapid and continuous. Thus the 
high humidity and temperature of the Trop¬ 
ics are ideal for microbial activity. 

Cellulose materials, particularly in the 
form of textiles, wrappings for stores, and 
ropes for haulage, make up a large part of 
the equipment of war, and their destruction, 
which is a serious problem in peactime, be¬ 
comes even more serious in time of war. In 
at least one recent theater of hostilities in 
the Tropics, the relative humidity of the air 
never falls below 85 per cent. In such a 
damp atmosphere it is only a matter of hours 
before moulds grow freely, and, in some 
cases, of days before tents drop to pieces, 
packages burst open, cords decay, and equip¬ 
ment rots and corrodes. The financial loss 
in such circumstances is of relatively minor 
importance: much more serious are the wast¬ 
age of shipping space, the loss of fighting 
equipment, and the endangering of men’s 
lives. 

It is these considerations of national secur¬ 
ity which give an impetus to the study of 
textile preservatives in wartime, although 
even before the war Britain’s Department of 

1 With the permission of the British Broadcasting 
Corporation. 
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Scientific and Industrial Research and the 
various Textile Research Associations em¬ 
ployed scientists to investigate various meth¬ 
ods of treatments. 

An obvious example of a textile needing 
protection from microbial attack is the jute 
sandbag. It is usually filled with earth, or 
earthy sand, and this happens to be the rich¬ 
est source of cellulose-destroying microbes. 
Furthermore, it is kept in conditions which 
encourage their development. 

To try to find methods which will render 
sandbags and other fabrics immune to micro¬ 
bial attack, either temporarily or perma¬ 
nently, has meant much scientific research. 
But when we come to weed out these treat¬ 
ments which are unduly costly, or difficult to 
apply in bulk, or impracticable through non¬ 
availability of materials, we are reduced to 
quite a number of possible methods of treat¬ 
ment. Which of these is most suitable de¬ 
pends on a variety of factors, such as the 
nature of the material to be treated, the con¬ 
ditions to which it will be exposed, and the 
purpose for which it is required. 

Treatments generally embody the use of 
a substance poisonous to the microbes, and 
copper in some form is widely used. It may 
be employed as a copper soap, such as the 
naphthenate, dissolved in spirit, or as “cu- 
prammo mum,” which is a substance formed 
by the interaction of ammonia with copper 
salts, such as “blue vitriol,” How much 
copper it is necessary to incorporate in the 
fabric or rope depends on the sort of treat¬ 
ment the material is going to get in service, 
but it is usual to aim at about one per cent 


of copper. This will not make the textile last 
for ever, but it will prolong its life many 
times. 

Copper soaps such as the naphthenate, are 
soluble in creosote, and are sometimes ap¬ 
plied in this form. The creosote itself gives 
added protection, although when used alone 
it does not prolong the life of a fabric suffi¬ 
ciently for some purposes. 

A preservative popular in some quarters 
at present is known as “pentachlorphenol.” 
But this substance has been criticized as 
being too volatile, and in some eases it is 
said to cause skin disease in those hand¬ 
ling it. 

Salts of zinc, cadmium, and chromium 
are sometimes advocated. Zinc is the oldest 
of these, but is ineffective unless used in 
almost absurdly high concentration. Cad¬ 
mium seems to be inferior to copper, and 
chormium is only effective if applied in a 
special way. 

Among “organic” chemicals, salicylanil- 
ide has been widely used, but has disadvan¬ 
tages : it is better against mildew fungi than 
against bacteria. A number of organic mer¬ 
cury compounds have been found quite 
efficacious, but their use on a large scale has 
not yet proved practicable. 

Whatever preservative is selected for a 
particular job, the thoroughness of applica¬ 
tion is of the utmost importance. To be 
effective each individual fiber of the fabric 
should be coated with the preservative, and 
this is why, where it is possible, treatment 
of the yarn before weaving is advocated.— 
H. J. Bunker. 
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AN INDIAN WAY TO PEACE 

The Hopi Way . Laura Thompson and Alice Joseph. 

151 pp. IlluS. 1945. $3.00, The University of 

Chicago Press. 

The Hopi Pueblo Indians of northeastern 
Arizona are probably the best known Indians 
in America. They have long been known to 
the layman principally on account of their 
spectacular ceremony in which dancers hold 
live, writhing snakes—including rattlers—in 
their mouths and hands. And anthropolo¬ 
gists have been carrying on studies of the 
Hopi for more than fifty years. But most of 
these studies have dealt with Hopi culture— 
with ceremonies, rituals, paraphernalia, so¬ 
cial organization, and mythology—rather 
than with the people themselves as human 
beings and individuals. This book under¬ 
takes to do precisely this. 

One hundred and ninety Hopi school chil¬ 
dren between the ages of 6 and 18 years, from 
two communities, were intensively studied. 
In addition to medical examinations, general 
observation, information from parents and 
teachers, the children were given a series of 
eight psychological tests, ranging from the 
Grace Arthur Point Performance Scale to 
the Rorschach (Inkblot) Test. Brief sketches 
of eleven children are presented. The results 
of the tests and observations are then dis¬ 
cussed in an effective and illuminating 
manner. 

The I.Q. of Hopi children, as measured by 
two tests, was considerably higher (11 to 16 
per cent) than that of the white children 
upon whom the tests were standardized. The 
Rorschach test showed that the “mental 
approach” of Hopi children of six and seven 
years of age is much closer to that of white 
adults than to children of whites. Dr. 
Joseph once speaks of Hopi children as 
“adults in miniature” and of the Hopi in 
general she says: 

“In dealing with the Hopi it would indeed 
be a grave mistake to adopt a baby-talk and 
the oversimplified methods which are so often 
used toward half-witted persons and those 
who go under the collective name of ‘na¬ 
tives’.” 


Just as the adult Hopi are skillful and 
industrious, in contrast with a common con¬ 
ception of “the Indian” as shiftless and lazy, 
so does the life of the children differ from the 
picture of happy carefree “children of na¬ 
ture” that many people entertain. There is 
much gaiety and satisfaction in the lives of 
Hopi children, to be sure. But there are 
tensions, anxieties, and frustrations in abun¬ 
dance. There are, however, very few, if any, 
real neurotics among the Hopi. It is inter¬ 
esting to note that many children who have 
to outward appearance made satisfactory ad¬ 
justments to their situations are, however, 
according to their tests, confused, unsatis¬ 
fied and insecure in their inner lives. The 
tests also show that some children who were 
thought to be deaf, dumb, or stupid are really 
alert and intelligent, but maladjusted. 

The personalities of Hopi children are 
much like those of white children in many 
respects; the same sort of desires, satisfac¬ 
tions, and frustrations that we are familiar 
with are found in their lives as well. But 
Hopi children differ from white American 
children at many points, too. They appear 
to be “deeply disciplined, to an extent which 
is truly astonishing.” This seems to be due 
to the greater extent of group control in their 
society than in ours. There is twenty-five 
times as much fear of the supernatural 
among them as among white children. Per¬ 
sonal failure and inadequacy is rather lightly 
regarded by the Hopi as compared with the 
white child. Personality difficulties encoun¬ 
tered by the Hopi child are much less con¬ 
cerned with sex than is the case in our society. 

The authors take much pains to relate their 
study of personality to the general cultural 
and environmental situation. The first three 
chapters acquaint the reader with Hopi his¬ 
tory, habitat, and way of life. The presenta¬ 
tion of the personality sketches is followed 
by an analysis in which personality is related 
to culture. Their picture has both breadth 
and insight. 

Drs. Thompson and Joseph occasionally 
link up their study of these Indian school 
children of the remote and arid mesas of 
Arizona with world affairs, with the “dis- 
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astrous appeasement policy ... at Munich,” 
and with “scientific social planning for 
world peace,” etc,, which seems a bit ex¬ 
travagant to say the least. Their more mod¬ 
est and immediate objective, however, is to 
provide a more intelligent basis and a more 
efficient means of administration of Indian 
affairs in particular and of White-Xndian re¬ 
lationships in general. This is both com¬ 
mendable and sound. But a glance at their 
figures on nutrition (48.4% undernourished; 
41.8% suffering from malnutrition in one 
community) and for disease and death rates 
(25 per 1,000 for Hopi, 10.5 for the United 
States; infant mortality, 180 per 1,000 live 
births for Hopi, 41 for the United States) 
inclines one to think that what the Hopi 
need (if we are to help them) more than 
refined personality analysis is good food, 
decent sanitation, and adequate medical care. 
Although hardworking and economical, the 
people live in poverty and chronic hunger 
and without adequate medical care. While 
we do not wish for a second to belittle “depth 
psychology” and technical personality anal¬ 
ysis, we are inclined to think that the Hopi 
have more to gain from improved diet than 
from results of Inkblot tests; more from im¬ 
proved sanitation and better medical care 
than from an application of Murray’s The¬ 
matic Apperception Test. As a matter of 
fact, the analysis of personality and char¬ 
acter so ably presented here suggests that if 
the fear of sickness and death could be 
lessened by improved nutrition and medi¬ 
cine, and if the fears and anxieties bred by 
poverty and insecurity could be minimized 
by improvement of economic status, the Hopi 
personality could take care of itself. 

The Hopi Way was printed at Haskell In¬ 
stitute and is illustrated with many superb 
photographs. 

Leslie A. White 
Department of Anthropology, 

University op Michigan 

CANADIAN GEOGRAPHY 

Le Canada Par L’lmage. B. Broiiillette. 133 pp. 
Ulus. 1944. $1.00. Beauchemm Library, Mon¬ 

treal, Canada. 

Professor Brotjillette’s book, now in its 
third edition, has served a very useful pur¬ 
pose in French-speaking Canada. Geog¬ 


raphy in Canadian schools has very often been 
taught in a static and unscientific way. So 
that this little book can serve as an introduc¬ 
tion to geography in the modern sense. The 
approach to subject matter proceeds from 
the known and the immediate to the unknown 
and more remote. In the first chapter, an 
appeal is made to the reader’s experience, 
and the author especially has in mind the 
immature reader for whom the book was pri¬ 
marily written. A description of Montreal 
involves physical, human, and economic fac¬ 
tors in the order named. Although no tech¬ 
nical or pedantic vocabulary are used, scien¬ 
tific method is implicit and furnishes the 
reader with an opportunity to assemble his 
facts in an altogether new light. 

Having thus established the observational 
and deductive basis of geographical descrip¬ 
tion in an area well known to the reader, the 
author proceeds to enlarge the horizon, in 
the following chapters, to the Province of 
Quebec and to Canada. 

The text is very attractively illustrated 
with photographs showing the salient points 
of geographical interest, now centering 
around urban communities and now around 
wildlife and forests. Maps and tables are 
presented to summarize distributional and 
economic factors. 

Although the book is meant for young 
readers, its method and scope make it inter¬ 
esting to the more mature who will not fail 
to appreciate the author’s excellent style and 
his gift for synthesis. 

Pierre Dansereau 

University of Montreal 

HANDBOOK OF HOOSIER WEATHER 
Climate of Indiana , 8. 8. Vi slier. 511 pp. Ill ns. 

1944. Indiana University, Bloomington. 

Dr. Visher had already shown his inde¬ 
fatigable zeal for climatic researches in his 
studies of the climates of South Dakota, Ken¬ 
tucky, and Australia, each published by the 
governments concerned, as well as by many 
other of his climatic volumes and papers. 
The present generous volume, of more than 
500 pages, gathers together a wealth of in¬ 
formation concerning the climate of Indiana, 
and its bearing on social and economic con¬ 
cerns. Although crammed with statistical 
information, this is to a great extent con¬ 
tained in maps with contonr lines and shad- 
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ing*, where he who runs may read. Tables, 
however, are given for climatic factors of 
some of the more important locations. It is 
impossible to give a fair impression of the 
enormous variety of facts which the volume 
contains. Very curious things crop out, such, 
for instance, as that both the highest and 
the lowest recorded temperatures of the State, 
116° and -33° Fahr., occurred in the same 
locality in Northwestern Indiana. Again, 
the annual damage by lightning, in which 
Indiana is about average among the larger 
Northeastern States, amounts to nearly a 
half million dollars. Thousands of live 
stock are killed by lightning in the State 
annually, but the annual human death rate 
by lightning for Indiana and the East-North- 
Central States is only 2.1 per million. 

A summary of the book is given in the 51 
pages of the first chapter. The remaining 26 
chapters are filled with detailed information, 
not only of the type usually published re¬ 
garding climatic factors, but they inform us 
of the exceptional cases, the relations of cli¬ 
mate to crops, to health, to pleasure, and to 
subjects that would seldom occur to the 
reader. Indiana citizens of all kinds will 
find it a treasure store for their advantage. 

C. G. Abbot 

Smithsonian Institution, 

Washington, D. G. 

METHODS IN MATHEMATICS 

Psychology of Invention in the Mathematical Field. 

Jacques Hadamard. 14S pp. 1945. $2.00. Prince¬ 
ton University Press. 

An eminent French mathematician, after 
a lifetime of mathematics, examines the 
“psychology of invention in the mathemat¬ 
ical. field,” which he distinguishes from the 
“psychology of mathematical invention.” 
The introductory remarks on the difference 
between invention and discovery seem to im¬ 
ply that Professor Hadamard is not a Pla¬ 
tonic realist in his mathematics. For brevity 
only, this difference is ignored in what fol¬ 
lows; if desired, “invention” may be sub¬ 
stituted for “discovery.” 

The two previous contributions to the sub¬ 
ject most frequently cited in studies of this 
kind are the questionnaire (1902, 1904) by 
L ’Enseignement Mathematique concerning 
the working methods of mathematicians and 


Poincare’s account, inspired by the question¬ 
naire, of how some of his most striking dis¬ 
coveries came to him almost unsought after 
a period of intense application. If any gen¬ 
eral conclusion is to be drawn from these and 
similar observations by individual mathe¬ 
maticians, it may be nothing more startling 
than the accepted remark that inspiration is 
nine-tenths perspiration. Flashes of insight 
but seldom perturb the indolent. 

But sweat alone does not make mathemat¬ 
ical discoveries. What does ? Whoever pro¬ 
fesses to answer that may be invited to 
certify his answer by making a discovery. 
Professor Hadamard has a long list of dis¬ 
coveries to his credit, most of them familiar 
to all mathematicians. Yet in his modest 
and extremely interesting account of how he 
himself came upon some of his discoveries, 
he seems to be as far in the dark as the ma¬ 
jority who make no discoveries, for all their 
hard labor. One point is of particular in¬ 
terest, and may be significant: with candor 
unusual in a mathematician, Professor Hada¬ 
mard tells how more than once he failed to 
notice a discovery that was actually implicit 
in his work, recognizing it and appreciating 
its value only after others had found and 
exploited it independently. Unlike the 
retrospective historian of mathematics who 
detects anything from the calculus to trans- 
finite induction in medieval theology, Pro¬ 
fessor Hadamard has never claimed priority 
for discoveries which, with just a little luck, 
might easily have been his. 

The book is so packed with interesting case 
histories and critical evaluations of the les¬ 
sons they teach—or fail to teach—that it is 
impossible to summarize them in a brief 
notice and a few indications must suffice. 
As might be expected, the “unconscious” 
and its relation to the subsequent “con¬ 
scious” phase of invention is discussed at 
some length. Behaviorists may be interested 
in the various opinions on “words and word¬ 
less thoughts,” where it appears that mathe¬ 
matical thought may not be just another in¬ 
stance of talking to oneself. The preferences 
for symbolism, whether geometric, algebraic, 
verbal, auditory, visual, or none at all, are 
not always what might be anticipated. Here, 
individuality precludes uniformity. 

Although mathematics is no longer identi- 
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fied with logic as it was by some logicians a 
generation ago, it is still the most logical of 
the sciences. But few mathematicians will 
be astonished to learn that the part played 
by logic in mathematical discovery is some¬ 
times indiscernible. A few may resent the 
frank disclosure of another trade secret: 
diagrammatic aids to reasoning, remembered 
while lecturing, frequently enable a skilled 
technician to bedazzle his unsuspecting audi¬ 
ence with rigidly arithmetized proofs of quite 
profound propositions, for example in the 
theory of points sets. In the suppressed dia¬ 
gram the proposition may be intuitively 
evident and also, occasionally (for which 
God be praised), false. Professor Hadamard 
has found these visual intuitions helpful in 
recalling the logical details of subtle and 
complicated proofs. In much the same way, 
simple classical theorems and familiar con¬ 
cepts when abstracted and generalized in the 
modem manner, take on an impressive ab¬ 
struseness which might seem less profound 
if the generalizing mathematician were un¬ 
sophisticated enough to confess that he had 
merely doodled the obvious. The effect, how¬ 
ever, would be less spectacular. As Poincare 
observed, it is the man, not the method, that 
solves a real problem. 

Under “paradoxical eases of intuition , 79 
Professor Hadamard instances Fermat’s last 
theorem and Riemann’s zeta hypothesis. It 
might seem unfair to some critics to include 
the first of these as an example of intuition— 
guessing, to give it a blunter name. Some 
who have examined the evidence favor the 
alternative hypothesis that Fermat was 
simply a better arithmetician than his suc¬ 
cessors. A more astonishing paradox than 
either of these was the false intuition of 
another first-rank arithmetician, Gauss, whose 
intuition, backed by extensive calculation, 
misled him to an erroneous conjecture con¬ 
cerning the relative frequency of primes of 
certain forms. But Gauss was temporarily 
safe in his mistaken belief. Had he calcu¬ 
lated for a billion billion years, we would 
have come no closer to the truth his intuition 
concealed from him. So the intuition of 
great mathematicians may be about as real 
as the mythical intuition of women. 

The book should be digested by anyone in¬ 
tending to make his living at mathematics. 


Although Professor Hadamard points no 
morals, several are plain. Three will be 
enough here. First, if you would make a 
mathematical discovery, work, and don’t be 
too sanguine about making a discovery, no 
matter how hard you work. Second, unless 
you have an active and powerful imagina¬ 
tion, keep away from mathematics. 

The third moral suggests a project well 
within the existing techniques of psychology. 
If carried out, something definite—not much, 
perhaps, but still something—might be 
learned about the advanced training of math¬ 
ematicians in the United States. “Students 
have often consulted me,” Professor Hada¬ 
mard relates, “for subjects of research; when 
asked for such guidance, I have given it 
willingly, but I must confess that—pro¬ 
visionally, of course—I have been inclined to 
classify the man as second rate. In a differ¬ 
ent field, such was the opinion of our great 
Indianist, Sylvain Levi, who told me that, on 
being asked such a question, he was tempted 
to reply: Now, my young friend, you have 
attended our courses for, say, three or four 
years and you have not perceived that there 
is something wanting further investiga¬ 
tion ?’ ’ Do the membership lists of the math¬ 
ematical societies, especially those which 
state the institutions from which the mem¬ 
bers obtained their degrees, suggest that 
“there is something wanting further investi¬ 
gation ?” How many mathematicians still 
mathematically active five years after their 
degrees chose their own subjects for their 
dissertations, and how many had subjects 
thrust upon them? How many of the in¬ 
active acquired a lasting distaste for research 
from having unpalatable topics rammed 
down their throats by egotistical professors 
concerned chiefly with founding a ‘school’ 
to glorify their own names for half a genera¬ 
tion? To be of any psychological or edu¬ 
cational value, an investigation of this sort 
should be searching and rude. 

The mathematical layman will find Pro¬ 
fessor Hadamard ’s stimulating book fasci¬ 
nating reading unencumbered by incompre¬ 
hensible technicalities. Only one misprint 
need be noted “Jessie” for “Jesse.” 

E. T. Bell 

Department of Physics, 

California Institute of Technology 
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CAUSES OF CRIME 

Crime and the Human Mind. David Abraliamsen. 

244 pp. 1944. $3.00. Columbia University Press, 

New York. 

Crime, like the poor, is always with us. 
For various reasons, however, as a subject it 
is by far a better “seller” than poverty or 
almost any subject except war (which is itself 
a sort of international crime!). This being 
the case, the present volume ought to be in 
great demand, for it deals with crime and 
(far more important) the criminal. One of 
the reasons why the treatment of the criminal 
has in general proved unsatisfactory is that 
attention has been focused on the crime 
rather than on the motivations and mental 
states of the criminal. It is to this thesis that 
Doctor Abrahamsen devotes himself. 

The author is a Norwegian psychiatrist, 
experienced in criminological work both in 
his native country and here. He is now on 
the staff of the Psychiatric Clinic of the 
Court of General Sessions of New York City, 
the largest criminal court of general jurisdic¬ 
tion in the United States. Although he has 
been in this country only a few years, he ex¬ 
hibits an excellent grasp of the American 
crime problem, together with a broad conti¬ 
nental and English background. He dis¬ 
cusses, among other subjects, The Mind in 
Relation to Crime (Ch. 2), The Psychology 
of the Individual Offender and Classification 
(Ch. 6), Juvenile and War Delinquency (Ch. 
7), and The Psychiatrist and the Criminal 
Law (Ch. 8). 

His approach is that of the student of 
human behavior, who recognizes the need of 
scientific study of the offender’s mental state 
if society is to be adequately protected and 
justice done to the individual—an approach 
which has steadily been gaining ground in 
the penological field for the past few decades. 
He points out the role of unconscious drives 
as well as the environmental factors, hered¬ 
ity, intellectual level, and the varied other 
influences which impinge upon the indi¬ 
vidual, be he criminal qr churchman. The 
understanding of human behavior (the sub¬ 
ject-matter of psychiatry) has made much 
progress, but its applicability to the group 
denominated “criminal” has lagged, partly 
on account of society’s fear and hatred of the 
offender. Doctor Abrahamsen reminds us, 


“Mental patients were first placed in hos¬ 
pitals not for treatment but for the protec¬ 
tion of society. The same is true of most of¬ 
fenders today. Prisons were built to pro¬ 
vide housing for the prisoners with little or 
no treatment available.” 

The book is clearly written, and with very 
few exceptions is nontechnical in its lan¬ 
guage. Here is a challenging presentation 
of a vital subject which should be of interest 
to every thoughtful citizen. 

Winfred Overholser, M.D. 

Saint Elizabeths Hospital, 

Washington, D. C. 

EDWARD BELLAMY—REFORMER 
Edward Bellamy. Arthur E. Morgan. 468 pp. HIuls. 

1944. $5.00. Columbia University Press, New 

York. 

The reviewer finds it very difficult to put 
down in any exact form the impressions this 
book makes on him. It is a pleasure to re¬ 
view it because of its great excellence. Be¬ 
cause of the limitations of space and not to 
deal too much in abstractions, he will confine 
his remarks here to the statement of a few of 
the characteristics of the book which make it 
a delight to this biography. 

In the first place, this is a scholarly work, 
but it is not pedantic. It leaves one with the 
feeling that Dr. Morgan has searched dili¬ 
gently for all the facts which might throw 
light on the development of Bellamy’s char¬ 
acter and ideas, but he has not buried his in¬ 
terpretations in a mass of irrelevant details 
which would only bewilder the reader and 
leave him with a confused picture of Edward 
Bellamy and his work. Dr. Morgan has 
shown that one can be a scholar and yet not 
be tedious. 

Secondly, the objectivity of treatment is 
refreshing. Although Dr. Morgan greatly 
admires Bellamy both as a man and as a 
thinker, he does not let this blind him to facts 
or bias his interpretation of Bellamy’s life 
and writings. His selection of facts for this 
purpose is so careful and yet so unostenta¬ 
tious that one scarcely realizes it as he reads, 
and yet at the end one has confidence in the 
author’s integrity and objectivity. Even on 
highly controversial points he maintains the 
detached attitude of the true scientist. The 
reviewer never found himself bracing his 
mind against distortions of fact 
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A third characteristic of this biography is 
a broad and humanistic tolerance for views 
and weaknesses which might well have been 
made the object of bitter and unfair attack. 
This tolerance arises from what seems to the 
reviewer to be a deep understanding of the 
factors moulding the life of Bellamy. It is 
not just that “to know all is to forgive all,” 
it is rather that as a biographer Dr. Morgan 
believes that his duty is that of an expositor 
rather than that of an advocate. He does not 
feel, therefore, that he needs to generate heat 
to destroy views with which he may not agree 
as long as he makes the reader understand 
the forces at work in the life of Edward 
Bellamy. 

Finally, not because there is an end to the 
characteristics of this book which might 
profitably be enumerated, but because space 
is limited, it seems a wise book. Dr. Morgan 
has found a congenial subject in Edward 
Bellamy and has used this subject not only 
to present a picture of the man and his work 
but as a means of presenting his own outlook 
on life. This is meant as high praise. It has 
always seemed to the reviewer that a biog¬ 
raphy which did not contain a large portion 
of the biographer as well as his subject was 
both poor biography and social science—a 
mere pot boiler, or even the exploitation of 
a reputation by the writer or his publisher. 
This biography is certainly a “labor of love” 
as far as Dr. Morgan’s attitude toward 
Bellamy is concerned, but it is also the ma¬ 
tured and thoughtful expression of the au¬ 
thor on the social and economic matters 
which occupied much of the life of Edward 
Bellamy. Dr. Morgan far from abusing the 
privileges of a biographer has used them to 
help us to understand the social order Ed¬ 
ward Bellamy wished to reform which is not 
so essentially different from our own. In 
doing so he has put the very best of himself 
into the book and thus has opened his own 
experiences to the reader. That this is done 
largely unconsciously makes his exposition 
all the more effective. That the reviewer 


found the revelation of Dr. Morgan’s per¬ 
sonality almost as interesting as Bellamy’s 
is only proof to his mind of a first-class job 
all the way through and is not meant to im¬ 
ply that Bellamy was neglected. He cannot 
see how a good biography, an understanding 
exposition of a man’s life, can be much less 
revealing of the author than of the subject. 
It is to be hoped that Dr. Morgan’s Ed¬ 
ward Bellamy will find a large group of read¬ 
ers. It is a social document of high value 
and withal is easy to read. 

Warren S. Thompson 
Scripps Foundation for Research 
in Population Problems, 

Miami University 

THE WINGLESS AIRPLANE 

Pioneering the Helicopter. C. L. Monm 160 pp. 
Ulus. 1945. $2.75. McGraw-Hill Book Company, 
New York and London. 

The book is a very interesting description 
of personal experiences of Mr. Morris and his 
collaborators while helping to develop Sikor¬ 
sky helicopters. More so it was Mr. Morris’s 
job to develop the proper technique to fly 
these machines and to teach others to fly 
them. To give a more vivid picture it has 
many illustrations in the form of: sketches 
and photographs which help to show the 
progressive steps made in design and de¬ 
velopment of rotary wing aircraft. The 
author also gives an historical review of the 
general development of aircraft of this type. 
There is an excellent chapter in the book 
where the author describes in a very simple 
and clear way the principles of the helicopter 
and possible combinations of arrangement of 
the lifting rotors and control system. The 
book is especially interesting because of what 
the author had to put in, in helping to bring 
the machine to the modern state. One does 
not have to be technically inclined in order 
to find this book most fascinating to read, 

A. A. Nikolsky 

Department of Aeronautical Engineering, 
Princeton University 



COMMENTS AND CRITICISMS 


Mathematics for Thousands 

In the article “The Character of Mathematics” 
by Harold L. Dor wart, appearing in the March issue 
of The Scientific Monthly, there is a listing of 
some of the more recent popular books on mathe¬ 
matics with the comment that “With the exception 
of Mathematics for the Million , by Lancelot ITogben, 
these books have probably reached only a limited 
number of readers.” 

It may be of interest to your readers and to Pro¬ 
fessor Dorwart to point out that the distribution of 
one of the volumes mentioned, Mathematics and the 
Imagination, has reached the respectable total of 
some 250,000 copies. This includes a printing for 
distribution to lighting men overseas. The large- 
scale distribution among our soldiers and sailors of 
popular books on science and mathematics offers 
real promise of a much widened interest in these 
subjects after the war is over.-— James E. Newman. 

The Cause Must Have Had Eyes 

I should like to say a word or two about the excel¬ 
lently entitled article t( The Cause Must Have Ilad 
Eyes” by Francis Simmer. Dr. Sumner commences 
his article by rejecting to some degree the La¬ 
marckian speculations of Pauly as “fantastic,” pro¬ 
ceeds very wisely to show that the cause of natural 
selection, of protective coloration, must have had two 
pairs of eyes, the eyes of the predator as well as of 
the prey; lines up his own experiments in defense 
of natural, mechanistic, Darwinian selection; but 
concludes from his same experiments that there re¬ 
main “physiological” (shall wo not say psychobio- 
logical?) problems here that call for extensive 
future investigation.” 

In other words, there is an admitted conflict in Dr. 
Sumner J s mind between his logical rejection of the 
idea of a peacock coloring its own tail, and his neces¬ 
sitated admission that simple natural selection is not 
sufficient explanation of the coloring of his fishes. 

I believe that some light must be thrown on this 
conflict by logically considering any one of the many 
phrases such as “protective coloration,” “protective 
selection,” etc., in which the very word “protec¬ 
tive” implies more than a mechanistic selection. 

Protective coloration does take place. But why 
should it take place? If the fish wore a stick, it 
would not take placo. If the fish were any imagina¬ 
ble combination of activo chemical ingredients, color¬ 
ation might take place, but it would hardly be 
protective sinee its effect would be to render the 
ingredients inert. In other words, the very word 
“protective,” the very fact of protection, implies 
some will on the part of the fish to be protected, to 
survive. 


I am not suggesting that the will of the fish is tin* 
only factor governing its protective coloration. But 
I am suggesting that there is such a thing as “will* 3 
not yet otherwise definable, and that it operates in 
the xneyed-upon fish to bring about;, to set off a series 
of mechanistic changes which themselves provide the 
protection. It could not be otherwise, for, If it wore, 
the willful word “protective” would be meaningless. 

I am suggesting that what is truly evolutionary 
is the so lar indefinable will, and that Dr. Sunnier 3 s 
“psycliobiological” problem lies in this direction. 
And I should like to know whether, and to what do* 
gree, the general health of the fish governs the 
degree and quality of protective coloration; because, 
if it does, it. would seem logical, even as it already 
seems sensible, that there is such a thing as “will” 
and that it is a coefficient determined by a correla¬ 
tion of the normal condition of the several heredi¬ 
tary organs of the body, which coefficient when multi¬ 
plied by the sum of the factors of! environment at 
any one time might determine both the ability to 
survive and to some degree the quality of the sur¬ 
vival.- -Montgomery 11 ARE. 

/>’?/ logic and deduction , we surmise and theorize 
On nature f s technicolor viewed through human eyes. 
One wonders where our theories would presently be 
hurled 

Jf wc knew just what an insect sees m its insect 
color-world I 

—II'- E„ WOODCOCK, 

Projective Geometry 

May I call your attention to an odd error in the 
rather interesting article in the January number by 
N. A. Court. This contributor writes [page 05j: 

“ ... it is of great significance that the distinc¬ 
tion between tactile geometry and visual geometry 
was not noticed by cither philosophers or psycholo¬ 
gists. Only after the patient labors of mathema¬ 
ticians created the doctrine of projective geometry 
did the distinction come to light. The credit for 
having pointed out this distinction goes to Foderigo 
Enriques, Professor of Projective Geometry at the 
University of Rome.” 

The fact is that George Berkeley *n Essay towards 
a New Theory of Vision (published 1709) has, for 
its main objective, the establishment of this very 
distinction. The Essay opens: 

“My object is to show the manner wherein wc 
perceive by sight the distance, magnitude and situ¬ 
ation of objects. Also to consider the difference 
betwixt the ideas of sight and touch, and whether 
there bo any idea common to both senses. ' '— Fred¬ 
eric Drew Bond. 
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THE BROWN-STONE TOWER 

On page 243 of the 
March issue the reader 
may have noticed some 
reflections of the edi¬ 
tor's adviser. Hi Ho, a 
kindly but persistent 
Oriental who practices 
what he preaches. De¬ 
spite his great age he 
retains to a remark¬ 
able degree his youthful 
spirit, vigor, and appearance, but his years are 
betrayed by his wisdom. Not for Hi Ho the 
follies of youth; he says, “Work! And let nothing 
interfere with its quality and quantity.” 

Having observed that the editor has heretofore 
written “The Brownstone Tower” in a cloud of 
cigarette, smoke, Old Hi has gently remonstrated, 
but with the repetitive force of dripping water. 
The editor had to admit that he could not defend 
the habit, for it is demonstrably expensive, un¬ 
tidy, hazardous, and time-consuming, but he was 
afraid that twenty-five years of smoking had made 
it a necessary evil. Then, to his own astonishment 
and to the delight of Old Hi, he found that this 
column could be written in a smoke-free atmos¬ 
phere. 

Old Hi is noted for his rigorous thinking and 
adherence to his principles, but for all that he is 
not a cold intellectual machine; he has a soft spot 
that is touched by poetry. He has not revealed 
what he knows of the poetry of his native land, 
but with little provocation he will recite his 
favorite passages from Shakespeare, Milton, and 
Byron. He is particularly stirred by poems that 
snort defiance in the face of adversity, for he him¬ 
self has the power and courage of a roused bull. 

It is not surprising, therefore, that Old Hi 
favors the occasional publication of poetry in the 
SM. As for the editor, he fell in love with lyric 
poetry on a beautful campus in a springtime of 
long ago. “Oh, for one of those hours of gladness, 
gone, alas, like our youth, too soon.” Now we 
must repress sentiment. In keeping with the 


purposes of the SM, we prefer to publish poems 
by scientists about science, but we will consider 
general poems by scientists and ley poems on 
science. Poems for the SM should not exceed 
thirty-two lines. An acceptable poem must have 
something to say and should say it musically and 
efficiently; the pattern of its composition should 
be pleasing to the ear, satisfying to the mind, and 
stimulating to the emotions. Accepted poems are 
published as fillers. After a given article we pre¬ 
fer to use a poem that has some bearing on it, and 
when suitable original poems are lacking, we 
sometimes get permission to reprint copyrighted 
poems. 

On the third floor of the east wing of the 
Smithsonian Institution Building is the office of 
Mr. Paul H. Oehser, editor for the U. S. National 
Museum, Copy editing is not a stimulating oc¬ 
cupation, but it has not yet quenched the creative 
fires in Mr. Oehser (pronounced ozier). He is a 
poet of exceptional ability, whose poems appear 
from time to time in Washington's Post and 
Evening Star. Fortunately for us, he takes an 
interest in the SM and has helped us not only 
in evaluating poetry but in other ways. His book 
reviews are among the best that have appeared 
in the SM. On one occasion he included in his 
review a stanza of verse that he attributed to his 
favorite poet It was an admirably appropriate 
quotation* “And who,” we inquired, “is your 
favorite poet?” “Paul Oehser,” was the modest 
reply. We stand in envious awe of a man who 
can compose Ids own quotations as needed. As 
an example of the extraordinary felicity of bis 
word patterns, reread “The Grapevine” (SM, Yol, 
59, p. 244, 1944) with particular reference to the 
next to the last stanza. 

Apparently the publication of poetry in the SM 
has not made a deep impression on our readers, 
for scarcely any letters of opinion regarding our 
poems have been received. Our policy has been 
noticed, however, by poets and rhymsters, and it 
is quite possible that its continuance may bring 
to light genuine poetical talent that might other¬ 
wise be lost to the world.—E d. 
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